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CHAPTER I. INTRODUCTION 
Purpose of this Thesis 
The electromagnetic method in geophysical prospecting 
applications has become a powerful tool in detecting and de­
lineating layered subsurfaces of interest, such as geothermal 
reservoirs [1], ground water [2, 3] and coal deposits [4], 
This method has also been used to detect local zones of mas­
sive sulfide ore bodies of copper, lead, zinc, nickel, etc. 
This prospecting technique is referred to as electro­
magnetic sounding because electromagnetic waves are reflected 
from each material interface so that the total electromagnetic 
field detected by a receiver located on or above the ground 
surface consists of the primary field and the secondary field 
components reflected by each interface. 
Recent work in the application of the electromagnetic 
sounding technique has been oriented toward the interpretation 
of the field data in order to identify the geoelectrical 
parameters. Interpretation means that the measured field data 
will be matched to the best fitting curve on the master curves 
which are obtained by numerical evaluation. In this sense, 
the interpretation technique is a very important part of the 
geophysical prospecting process. 
The earliest work was that of Frischnecht [5], who 
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tabulated extensive numerical data for a two-layer earth. 
His results were expressed in terms of the ratio of the mutual 
coupling between two antennas located on or above the ground 
surface to the mutual coupling between the antennas when 
located in free space. 
Subsequently, Dey and Ward [6] and Ryu et al. [7] have 
obtained numerical results in terms of both the polarization 
parameters of the magnetic polarization ellipse and the mutual 
coupling ratio for a horizontal magnetic dipole source and a 
vertical magnetic dipole source, respectively. 
Sinha [8] has analyzed the relative effectiveness of the 
four different types of source-receiver dipole orientation 
(horizontal-vertical, vertical-vertical, parallel horizontal-
horizontal and series horizontal-horizontal) by comparing the 
two-layer earth theoretical master curves for each case in 
terms of the ease of data interpretation. He concluded of the 
vertical-vertical orientation is the best system for the 
detection of subsurface layers. 
Since many difficulties arise in the interpretation of the 
field data for the case of more than two subsurface layers, 
the works of Dey and Ward, Ryu et al. and Sinha were re­
stricted to the two-layer case as far as the data interpre­
tation was concerned. However, they have calculated the 
numerical results of three or four-layer earth cases. 
3 
In this thesis, the vertical-vertical magnetic dipole 
located on the ground surface was chosen for electromagnetic 
sounding. The corresponding theoretical expression of mutual 
coupling ratio was derived in the form of an integral equation 
by using Hertzian vector potentials. The evaluation of the 
integral equation is another important factor in generating 
the theoretical master curves because this time consuming 
numerical integration process has to be iterated so many 
times when more geoelectrical parameters are concerned. 
This thesis has two significant contributions to the EM 
sounding method. One is that a new method, developed by Koefoed 
et al. [9] for the numei ical evaluation of the Hankel trans­
form, is applied to tlie EM sounding technique to generate the 
master curves at a considerable saving of computer time. The 
other is an introduction of several new methods of interpre­
ting the field data of a three—layer earth. 
Outline of this Thesis 
The objective of this study is to determine the appli­
cability of the EM sounding technique for detecting and 
characterizing stratified geoelectrical layers. Major emphasis 
will be placed on calculations of the mutual coupling ratio 
between the source and receiver loops as the means of de­
lineating the multilayered structures. The source loop is 
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considered to be a vertically oriented, oscillating magnetic 
dipole source with operating frequency ranging from 4 KHz to 
75 KHz. Thus, the quasi-static approximation for the electro­
magnetic field will be used in this study. 
The electromagnetic sounding techniques are classified in 
two ways. In one method, called parametric sounding, the 
frequency is varied while the source—detector separation 
remains fixed. In the other method, called geometric sounding, 
the source-detector separation is varied while the frequency 
remains fixed. This study will consider an application of the 
parametric sounding method. 
In Chapter II, a brief historical background of the ap­
plication of electromagnetic methods to geophysical pros­
pecting is presented. This is followed by an analytical de­
velopment of the electromagnetic fields due to a vertical 
magnetic dipole over a multilayered planar earth, Hertzian 
vector potentials are used in the derivation of the expression 
for the mutual coupling ratios. Reflection coefficients are 
derived by considering the boundary conditions of the Hertz 
potentials at each interface in the multilayer earth. 
The mathematical derivation of the magnetic field ex­
pression is well-suited to solving the dipole radiation 
problem in Cartesian coordinates; for which the Hertz poten­
tial, which is a harmonic function, can be Fourier transformed 
5 
into a wave-number domain. The electromagnetic field expres­
sion in the wave-number domain is in the form of a two-
dimensional Fourier inverse transformation. The Fourier 
transform technique has advantages in handling the geo-
electrical parameters. 
This inverse Fourier transform technique breaks down when 
the source is on the surface of the earth. However, it is 
applicable to an elevated source situation, such as airborne 
EM prospecting, and for such cases provides the advantage of 
using a Fast Fourier Transform algorithm for determining the 
EM field in the space domain. The two dimensional Fourier 
transform is then modified to a Hankel transform expression 
by using the Sommerfield equation (61) . This formulation is 
suited to the purpose of our particular interest. That is, 
electromagnetic sounding on the ground surface. 
The numerical evaluation of the Hankel transform expression 
of Chapter II by utilizing concepts from linear digital filter 
theory is discussed in Chapter III. Once the filter coeffi­
cients have been determined, this technique is about four 
times faster than the classical methods, such as Gaussian 
quadrature integration, etc. 
Filter design, however, is not easily accomplished be­
cause of the small corrections, by repeated trial-and-error 
attempts, required in order to achieve the best performance. 
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After the coefficients are determined, the convolution sum­
mation between the filter weights and the input function at 
a given frequency (induction number B) can be performed. The 
induction number B is a function of frequency through the 
relationship that B is the ratio of the source-receiver 
separation to the penetration depth in the top layer. The 
convolution summation is accomplished by means of a subroutine 
CONVOL of the FORTRAN computer program listed in Appendix A. 
The results of the analysis of Chapter II and III are 
presented in Chapter IV. In particular, the numerical 
results obtained by this method are compared with Frisch-
necht's results [5] for the two-layer earth model. This 
comparison shows that a very good agreement exists. The mutual 
impedance ratio, between the source and receiver antennas, 
for which an analytical expression is derived in Chapter II, 
is numerically evaluated in terms of the magnitude, argument, 
real, and imaginary components. The argument component of the 
mutual impedance ratio, which will be simply denoted by 
ARG(Z/ZO) or phase angle component, turns out to be the best 
tool for use in the interpretation of the EM sounding data. 
The curve patterns of the ARG(Z/ZO) for a three-layer 
earth model are obtained and compared with those of a two-
layer earth model. In general, the two—layer earth curves 
exhibit better resolution. That is, the change in the 
ARGCZ/ZO) as a function of the thickness of the top layer is 
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greater for the two-layer earth case than for the three-layer 
earth case. This is an important consideration in the data 
interpretation problem. However, there is a certain range of 
the induction number B where the maximum resolution of 
ARG(Z/20) occurs. This range, which is a function of 
frequency, is from B=3 to B=12 for this particular case of EM 
sounding. 
The minimum point of the ARG(Z/ZO) for a single receiver 
loop is considered as one method of data interpretation. A 
two receiver system measuring the difference in ARG(Z/ZO) 
at the two receiver points is introduced as another method of 
data interpretation. The latter method is capable of better 
resolution in the data interpretation. Data are obtained for 
several different cases of layer thickness and layer conduc­
tivity. The data interpretation techniques for these cases 
are discussed. 
Finally, the five-layer earth case is considered in an 
effort to see how well a three-layer earth model can describe 
the multilayered case. It is concluded that the three-layer 
earth model provides results that are descriptive of the case 
in that the phase angle response is more sensitive to the 
average conductance of the total thickness of the intermedium 
layers than to the conductivity or the thickness of the 
individual layers. 
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CHAPTER II. ELECTROMAGNETIC THEORY FOR 
GEOPHYSICAL PROSPECTING 
Historical Review of EM Prospecting 
EM prospecting methods for geophysical exploration have 
been used since before 1910, even though the theory was not 
well linderstood until the 1950's. This is because the electro­
magnetic method offers many advantages over the direct current 
techniques for detecting underground resistive anomalies. In 
recent years, the theoretical basis for the electromagnetic 
method has become quite well-developed. 
The reflection of EM energy from the boundaries of layers 
of different conductivity is analogous to the reflection of 
acoustic waves from material boundaries; however, the EM 
waves disperse and attenuate in the earth conductive material 
much more than do acoustic waves. 
A well-developed EM theory for various types of source 
distributions over a simple layered earth has resulted from 
the work of Wait [10], Bhattacharyya [11], Weaver [12] and 
Bannister [13]. The implementation of EM prospecting involves 
the detection of the EM field response over a layered earth 
caused by a controlled continuous wave driving an antenna. 
The other important method of controlled source EM sounding 
involves a transient EM field. The analyses of both the CW 
and the transient EM source cases are based on the assumption 
9 
of a time harmonic source. This assumption allows a simple 
reduction of the time derivatives in Maxwell's equations but 
restricts the solution to the steady-state conditions. 
The transient electromagnetic field has been studied in 
two ways. One, which is called the time-domain method, is 
to solve the differential equations for the transient solution 
in terms of four variables (x,y,z,t). This method has been 
applied for massive sulfide deposit detection since early 
196 2 by Barringer [14] and extended by Nelson and Morris [15] and 
Harthill [16]. The other way to study the transient fields is 
the frequency domain method. In this case, the step wave of 
current supplied to the source dipole is resolved into a 
Fourier series of frequency components. This method has been 
developed by Vanyan [17]. 
Along with the controlled source methods naturally 
occurring electromagnetic fields have also been used for 
making soundings. This method, called the magnetotelluric 
method, is based on plane-wave electromagnetic field behavior 
and has been the subject of early papers by Cagniard [18] and 
Ward [19] . The natural EM fields on the earth have been 
extensively studied; not only from the point-of-view of 
prospecting but also because the spatial and temporal varia­
tions of this field contain information about ionosphere and 
the Magnetosphere, Keller [20] and Price [21]. 
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The variable of a natural field system is the frequency 
(w), while the source-receiver separation (R) and the 
frequency (w) are the variables for controlled-source methods. 
-5 2 Frequencies in the range from 10 Hz to 10 Hz are in the 
natural source method. At frequencies lower than 1 Hz the EM 
energy sources come largely from outside the earth; mainly 
due to the complicated interactions between the plasma 
emitted by sun and earth's permanent magnetic field. The 
high frequency components of this interaction are screened 
from the earth by the ionosphere. Above 1 Hz the natural EM 
field sources are caused by phenomena taking place at or near 
the earth's surface, such as power distribution systems, 
radio stations, electrical storms, etc. 
The EM theory which describes the various types of 
prospecting methods mentioned above has been developed by 
Wait flOJ, Keller and Frischnecht [22], Ryu et al. [3]. 
Recently, more articles have been published concerning the 
data interpretation techniques as well as the experimental 
results. Examples of these are described in the following 
paragraphs. 
Frischnecht [5] has reported on a frequency 
sounding technique for geological mapping of earth strata. 
I^u et al. [7] reported their results in applying a horizontal 
loop method to the EM sounding of n-layered half space. 
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Daniels et al. [23] measured the permafrost thickness by using 
a two-layer earth model and a two-loop antenna configuration. 
In order to improve the match between the theoretical 
data and the field data, a great deal of work is being done 
on interpretation methods at this time. Frischnecht [5] 
has tabulated the mutual coupling ratios which are of 
assistance in the quantitative interpretation of electromag­
netic data for various source-detector configurations of a 
two-layer earth model. For the earth which consists of three 
or more layers within the exploration depth, master curves 
for the n-layer earth are needed in order to make correct 
interpretation of the field data. Vanyan et al. [24], presented 
theoretical curves foi a four-layer earth by using a frequency 
electromagnetic sounding. These curves are presented as 
relationships between the frequency variable (X^/d^) on the 
horizontal axis and both the magnitude and the phase component 
of apparent resistivity on the vertical axis. Each curve in 
the family of curves represents a different value of the 
R ^2 parameters, (3 ) . Where A. is the wave length in the first 
1 ^1 
layer, R is loop spacing, d^ is the top layer thickness and 
and P2 are the resistivity of the first layer and the 
second layer, respectively. Ryu et al. [7] obtained extensive 
solutions for the electromagnetic field components due to a 
vertical magnetic dipole sources situated on or above the 
ground surface of an n-layer earth. Dey and Ward [6] have also 
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studied the EM response over an n-layer earth by using a 
horizontal magnetic source. These works have furnished a 
complete formulation of the field over an n-layer earth but 
in most cases they only provide numerical results for the two-
layer earth. Ryu et al. [3] reported on an experiment using 
an airborne EM sounding system flown across the Santa Clara 
Valley in California. The field data were interpreted in 
terms of the polarization parameters: wave tilt, tilt angle, 
and elliptic!ty of the magnetic polarization ellipse. The 
basis of the theoretical interpretation method and additional 
numerical results for the horizontal loops on the surface of 
a 3 and 4-layer earth section were published in an earlier 
paper [7]. sinha [8] obtained some numerical results for the 
response of a multila/ered earth by using four different types 
of coil arrangement for airborne EM sounding. He concluded 
that the horizontal coplanar configuration is the best system 
for detection of a th.m subsurface layer. 
Extensive use of numerical integration by the use of a 
digital computer has become an important topic in recent years. 
Longman [25] has developed a method for the numerical evalua­
tion of the infinite Bessel function integrals commonly en­
countered in determining the fields in EM sounding applica­
tions. Frischnecht used this method for obtaining his 
numerical results of two-layer earth model. Koefoed et al. 
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[9] introduced another method to evaluate the same infinite 
integral by applying concepts from linear filter theory. 
This technique could reduce the computing time by a factor of 
4 as compared to the Gaussian quadrature method. 
Fourier transform methods have also been adopted to 
determine the EM response of a layered earth in the wave 
number domain. This method takes advantage of the Fast 
Fourier transform algorithm for the evaluation of the integral 
equation field expressions. 
Electromagnetic Theory 
Hertzian vectors 
Hertzian vectors are introduced here to help determine 
the EM field expressions in homogeneous isotropic media. 
Maxwell's equations in material media, which can contain sources 
can be written as : 
vxir = - H , V.B = p 
VxÏÏ =1^ , V.B = 0 
where Ê is electric field intensity, H is magnetic field 
intensity, D is electric flux density, B is magnetic flux 
density and p is electric charge. 
The external electric and magnetic polarizability, 
and Mq, which will represent sources, are incorporated in 
14 
the flux density expressions; 
^ = EE + PQ, 5 = Y(H+MG) 
A time-dependence of e and charge-free conditions will be 
assumed. When all of these assumptions are taken into ac­
count, Maxwells equations become: 
VxE = juuH + (a) , eV.E + V.Pq = 0 (c) 
( 2 )  
VxH = -jweE - jtoPp (b), V.H + V.Mq = 0 (d) 
Consider a homogeneous isotropic medium that contains 
an electric dipole source P^. In this case, V.H = 0 and H 
can be expressed as the curl of a vector potential A. This, 
in turn, can be written as the time derivative of another 
vector Î, called the electric Hertzian vector. 
± 377 . A = £ = - joJETT 
Substituting results in 
H = -iwE(Vxn) (3) 
Substituting (3) into (2a) and (2b) gives 
VX(Ê-Œ^£YTT) = 0 (4) 
and 
p 
VCV.TT) - V^TT - E = (5) 
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The curl-free vector, E-w ejaij, can be written as the gradient 
of a scalar Y. Thus, from (4) it follows that 
Ê = VY + k^TT (6) 
where 
, 2 2  k = w ye 
Substitution of (6) into (5) and considering the Lorentz 
condition, ¥ = V.tt results in 
(V^+k^)^ = - (7) 
Equation (7) is the inhomogeneous wave equation; which, in a 
source-free region, becomes the homogeneous wave equation 
(Harrington 126]). If the EM fields arise from a magnetic 
dipole source, V-E = 0 and Pq = 0 are substituted in (2a) 
and (2b) and we can define a Hertz magnetic dipole r in a 
manner analogous to the definition of n. 
E = -juyVx? (8) 
Substituting (8) into Maxwell's equations(2a) and (2b) 
H = -V(V.r) - k^f (9) 
and 
(V^+k^)f = Mq (10) 
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In the case where both electric dipole sources Pq and magnetic 
dipole sources Mq exist, 
E = -juyVx? + VxVxî (11) 
H = -jwsVx? - VxVxr (12) 
We consider only the vertical Hertz vectors such that tt = irk 
and r = rk, where k is unit vector for the z-direction. Under 
this condition, the complete expressions of E and H are 
#3 +(-4 - A'k (13) 
dx oy 
Where î and j are unit vectors for the. x and y directions, 
respectively. z = jajy, and y = jcje+a are impedivity and ad-
mi ttivity, respectively. These general expressions contain 
both types of Hertz potential. However, we usually deal 
with only one source at a time since both source types do 
not normally exist simultaneously. 
Boundary conditions 
The EM sounding system consisting of a vertical magnetic 
dipole source and a receiver situated h-meters above an n-
layer half space is shown in Figure 1. The i^^ subsurface 
layer has conductivity and thickness t^. d^ is the 
17 
Figure 1, Geometry of the coordinate system 
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interface between the i^.^ layer and i+1^^ layer. 
By using the field equations (13) and (14), we can 
derive the boundary conditions for the Hertz potential from 
the boundary conditions for the fields. 
The field boundary conditions are : 
1. The normal components of yS(5) and zÊ(Ê) are con­
tinuous at the boundary z = d^. 
2. The tangential components of Ê and S are continuous 
at the boundary z = .1. . 
^ o 2 
' a r â r 3 1 For convenience, we /ill denote —- = F-, —^ = T,, , —y = 
.2r ^ ^ ax 3y 
and = r^2' From Equation (14) and the boundary 
condition 1, and denoting that the quantity right above the 
interface d. as d7 and that right below the interface d^ is 
(r,d"^} r22(r,d+% _ (r,d") + Igg (?,&")] 
Denoting z^r(r,d^) - z r(r,d ) = G results in 
G^^(r,d) + 622(^,3) = 0 (15) 
It is apparent from Equation (15) that G is a harmonic 
function on the plane z = d. If there is no source on the 
plane, G must be zero, therefore we get the boundary condition 
in a source-free surface. 
z^r(r,d+) = z-r(r,d") - (16) 
19 
The second boundary condition, continuity of the tan-
gential component of H in Equation (14) requires 
= r^gfrfd") and r^gtrfd*) = T^gfr.d ). 
According to the Snell's law [26], the incident and 
refracted angles in x,y-direction are the same on the source-
free geoelectrical boundary. Therefore above equation can 
be rewritten as: 
rgfrfd^) = PgCrfd") (17) 
Equations (16) and (17) are boundary conditions for 
magnetic Hertz vector. The boundary conditions for electric 
Hertz vector it can be obtained by a similar approach, with 
the result 
y^n(r,d^) = y n(r,d ) (18) 
?2(r,d^) = TT2(r,d ) (19) 
When a source exists on the boundary interface, then the 
boundary conditions must be modified. That situation will 
occur on the earth surface and will be considered later. 
20 
Reflection coefficients 
By application of these Hertzian vector boundary condi­
tions we will derive the reflection and transmission coeffi­
cients at each geoelectrical boundary. The formulation will 
be in the wave number domain since this format is suited to 
evaluating the coefficients numerically by fast Fourier 
transform (FFT) techniques. The resulting reflection 
coefficient expression turns out to be the same as that of 
[10] which was obtained by use of a transmission line 
analogy. 
Since the Hertz potential is a harmonic function, the 
Fourier transforms of the boundary conditions are unchanged. 
The magnetic Hertz potential, r(A,d) in wave number domain, 
which is obtained by Fourier transforming r(r,d), will be 
used for the derivation of the reflection coefficients, because 
we are considering a magnetic dipole source in this problem. 
The boundary conditions (16) and (17) can be Fourier trans­
formed to obtain Equations (20) and (21) in the wave-number 
domain. 
z+f(X,d+) = z~f(A,d ) (20)  
f2(X,d+) = (21) 
21 
Fourier transformed quantity. 
The Fourier transformed Hertz potential f(X,z) will 
satisfy the Kelmholtz equation (10) derived from Maxwell's 
equations. Since the Hertz potential is Fourier trans­
formed on the x-y plane, the Helmholtz equation in the wave 
number domain is a function of z only. In the source-free 
region it becomes: 
fggCXfZ) + (X,z) = 0, (22) 
where 
= -(A^+y^^). 
The propagation constant = a+jB 
where 
/—2 / huo. 
y^= -w ys+jcoua^ = — + j/—^— • 
By solving the one-dimensional Helmholtz equation, we can 
obtain the reflected field and transmitted field at each 
boundary d^ and application of the boundary condition will 
generate the reflection coefficients and transmission 
coefficients. 
Begin by considering the lowest layer of the layered 
earth model at z = d , . Note that for z > d , the solution 
n—1 — n—J-
of (22) corresponding to a downward traveling wave is selected. 














Figure 2. Geoelectrical boundary of n-layer earth 
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downward travelling wave, must be used. 
f(A,z) = ^ 
Differentiating the above equation with respect to z results 
in: 
T^(X,z) = ' 
+ ' " 
At the boundary interface z = d^_^ we can write: ' 
(23) 
fstX-Vl"' = (24) 
In the region z ^  d^_^ 
la.z) = r^XX,c^_i )e 
:T,,_ +. -ikntz-dn+l") 
, -jk (z-d , ) 
fgfXfZ) = -jk^r(X,d^_i )e ^ n 1 -
And, at the boundary surface z = 
r(X,d^^i+) = fT(X (25) 
and 
= -jknf^(^'dn_i+). (26) 
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Application of the boundary conditions (20) and (21) results 
in 
rr^(X,dn_i") +S"rBxX,d^_i"h:z+f2(X,d^_i+) (27) 
and 
= -j^n? (A-âjj.i ) . (28) 
/N ^  
Equations(27) and (28) can be manipulated to eliminate r and, 
since we originally assumed the permeability of the earth to 
be the same as that of the air, z"*" = z = juu. 
Thus, we can write: 
or 
!R,, , -, ''n-l si 
r ' = ÎT-ar r ) • 
n—1 n 
(29) 
Therefore, the reflection coefficient, R(A,d^_^) at the 




Eliminating T (A,d^_^) from Equations(27) and (28) results in 
the transmission coefficients : 
25 
Tli'dn-l) = k%r • (30b) 
n-1 n 
The net reflection coefficients at the earth surface can 
now be derived by using the recursive relationship of the 
reflection and the transmission coefficients. 
Letting z = d^_^ in i-1^^ layer, and z = d^_^^ in i^^ 
layer and substituting into the Hertz potential expressions 
of Equations (23) and (24) allows us to evaluate the re­
flection transmission coefficients at z = d^. 
For the layer d- _ < z < d. -, 1-2 1-1 
f(X,d^_^") = f^(À,d^_^") + f^(X,d^_3_") (31a) 
and 
îjO.di,!") = (3ib) 
And, for the layer d^_^ < z < d^ 
= fI(X,d^_i+) + f^(X,d^_^'^) (32a) 
and 
f3(X,di_i'^) = -jk^f^(X,d^_i'^) + jkif*(A,dU_i+). (32b) 
It is noted that the reflection potential due to the 
-a. t. 
z = d. interface is decreased by the factor e ^ ^  at the 1 
next interface closer to the earth surface, z = Where 
t_. is the thickness of i^^ layer and is the attenuation 
^ /ojya. 
constant, v—j--
Thus, we can write : 
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/vr + 
r  ) = r  (A,dj_ )e 
and 
/si - +"*^±^1 
r (X,dj_ ) = )e . 
Substituting Equation (29) into above equations results in: 
„ , T -a. t. 
f (x,di_i ) = r(x,di )f^(a,d_)e ^ ^  
y , -a.t. -a.t. 
= R(X,di )e ^ ^e ^ (33) 
Substitute Equation (33) into (32a) and (32b) to get 
+ + _ -2a^t. 
) = r^(A,d__i ) ri+R(X,d^ )e (34a) 
^ -2a, t. 
r3(X,d^_l ) = ) [l-R(X,d^ )e . (34b) 
Again, by means of the boundary conditions, (20) and (21), 
Equations (31) and (34) can be related as follows: 
T + -2a.t. 
= r (X,d^_^ ) ri+R(A,d^~)e ^ 1] 
and 
-jki_ifi(x,d._i) + jk._^r^(x,d._^-) 
T + -2a.t. 
= -jkif^(X,d__^ )[l-R(X,d^)e ^ ^]. 
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'"i + 
Elimination of T ) from the above 2 equations 
results in: 
1-R(X ,d~)^ 
— 2,0.. t. 1 1 
r^(x,d^_i") ik._^+k. -2a. t. 






Therefore, the total reflection coefficient at z = d^_^ can 
be written as: 
Integral representations of Hertz potential 
In the first section of this chapter, a z-directed Hertz 
potential was introduced to determine the fields due to a 
vertical magnetic dipole. Substitution of the Hertzian 
potential relationships into Maxwell's equations demonstrated 
that the potential function satisfied the Helmholtz equation. 
The magnetic dipole source which is oriented in the z-
direction is located at ((0,0,-h) above the ground surface 
r(x,d^_^ )  =  
-k^)+R(X,d^ )(k 
+k^)+R(X,d^ ) (k 
28 
(z=0 ) of multilayered earth as shown on Figure 1. The 
dipole source MQ can be expressed as an idealized point 
source by means of the Dirac delta function. 
Mq = Ô (x) 5 (y) 6 (z+h) (36) 
Equation (36) represents a Hertzian dipole located on the 
z-axis at z = -h and oriented in the direction of the 
negative z-axis. 
The Helmholtz equation (10) applicable to the air 
region (z < 0) can be written as Equation (37), while the 
Helmholtz equation applicable to the earth region (z > 0) is 
shown in Equation (38). 
For z < 0 
(V^-Yj^^)r^ = -m<S (x)ô (y)6 (z+h) (37) 
and for z > 0 
(V^-Yj^^) r® = 0 . (38) 
The corresponding boundary conditions at z = 0 are : 
r* = I? = I? <39) 
where the superscripts a and e on r indicate magnetic 
Hertzian potentials in air and earth, respectively. 
This boundary value problem can be effectively solved 
in Cartesian coordinates by using a Fourier transform method. 
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since there is a plane boundary at z = 0 between two-media. 
Banos [27] has analyzed the dipole radiation problem in two-
media situations by means of the Fourier integral theory in 
Cartesian coordinates. After making the two-dimensional 
Fourier transformation on the X-Y plane, the third transform 
variable of the three-dimensional Fourier transform is inde­
pendent of the plane boundary conditions of the problem. 
The integrand of this one-dimensional Fourier transformed 
function represents the complex function of reflection 
coefficients in the wave number domain. According to the 
Banos 127], the scalar Green's function represents the 
solution of the dipole radiation problem in free space. By 
replacing a homogeneous isotropic medium in the half of the 
free space it becomes a two media boundary value problem. 
Therefore, we apply image theory to solve this two-media 
problem. 
The integral representations corresponding to the source 
function and its respective image will be set up in each 
medium. By combining these representations and making use of 
the boundary conditions we obtain the complete integral • 
representations of the boundary value problem. These 
integral equations are presented in Equations (40) and (41). 
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1 qfff. j(k x+k y+k z) 
r(r,z) = J J J r ( X,k^)e x y z (40) 
r ( A ,z) = f -j(k x+k y+k Z) | r(r,z)e ^ dxdydz (41) 
Since the Hertz potential is a well—behaved harmonic function 
its Fourier transforms are: 




z) 3 r(r. 
2 3y 
2^ , 
z) • 3  r (r. 
and 
_ 3k h 
5^{mô (x) 6 (y) Ô (z+h) } = m3 
The partial differential Equation (37) in the space 
domain is transformed into the wave-number domain: 
2 2 2 2  ^ jk h (k^^+ky^+k^^+7^^)r(X,k^) = me = . (43) 
It is easy to solve for the magnetic Hertz potential function 
in the wave-number domain. 
The inverse transform of the Fourier transformed poten­
tial function can be evaluated by using the residue theorem 





5 2 1 2" 
jk h 
me 
1 2 . 2 (44) 
a +ym +kz 
r(r ,z )  =  ( i )2 [  
^ +kz 
(45) 
The inverse Fourier transform of (44) is evaluated with 




it-h ik z 
21 27. 2""^ 
1 -z (46) 
a +tm +kz 
~^2 2 The poles of this integrand are at k^ = + X +y^ . Pro­
ceeding with the evaluation with (46), we have for k^>0. 
1 f me jk z 
-'t^+ï^(z+h) 
(47) 
and for k < 0 , 
z 









r r «  ^  i  ( k ^ x + k ^ y )  
Sir •' 
e dk dk • (49) 
'T? 
This is t±ie Fourier integral expression for the magnetic 
Hertz potential of a magnetic dipole in free-space. 
In order to find the complete solution, we have to 
consider the Hertz potential under the ground (z > 0) . There 
is no actual source in this region but we can consider an 
image source under the conducting earth and assume that its 
-Z 
potential is proportional to e . By the superposition 
of this potential to the potential due to the actual source 
we can get the complete solution. The potential due to the 
image source will be denoted by the superscript I. It is 
noted that the image source of the vertical magnetic dipole 
has a negative sign. In the free space region, the contribu­
tion to the potential due to the image source located at 
0 < z < h is: 
/~2 2 
r^I(r,z) = 3, 
Sit 
-a - ^ +Ya (-z+h) j(k x+k y) 
r3(X)e * e % y dk^dky. 
(50) 
In the earth region the contribution due to the image source 
is written as: 
pel e (^k^dk^' 
J  ^ y 
(51) 
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The complete solutions are : 
r^(r,z) = r°(r,z) + r^^(r,z) = 
, r _ (-z+h) j (k x+k y) 
r (r,2)e e ^ dk^dk^] = jel[ê + _!_ 477 R 27T J  J  
(52) 
and 
r®'(r,z) = r®i(x,z) 
Stt •* j 
(53) 
f®(À) and r^(X) are unknown Hertz potential functions 
in the wave-number domain which contribute to the potential 
in the earth and air regions, respectively. 
These functions can be evaluated by application of the 
boundary conditions in Equation (39). 
At the ground surface, z = 0, 
r^(r,2) = r®(r,z) and 
From the first boundary condition 
r®(A) = f^(A) + — . (54) 
or 
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From the second boundary condition. 
-•'x^+y.^h 
-e 
. - --e 
= X +y^ r  (A)e 
or 
-1 + f*(a) = f^(x) . (55) 






Thus, we have obtained the Hertz potential functions in 
the wave number domain which can now be substituted into 








-"^A^+yt^(h-z) j (k x+k v) 
)]e * y dk^aty (58) 
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and 
A +Y- + A +y 
^ ® (59) 
Equation (58) can be simplified for the particular case 
under consideration here, i.e., the quasistatic condition 
can be applied; resulting in: 
= -co u^e^+jcjua^ = juua^ = 0 
a â. ct â cL 
and 
yg = dwuog 
Evaluating Equation (58) on the ground surface (z=0 ) results 
in: 
r * ( r ,  0" )  =  ( i ) ^  ak .  (60,  
The Hertz potential function in the space domain can be 
obtained by utilizing a double Fourier transform of the 
integrand which among other things contains the geoelectrical 
information in the wave-number domain. The Equation (62) 
will be used to evaluate the Hertz potential at the receiver 
which is also located on the ground surface. Thus, the elec­
tromagnetic fields at the receiver which are generated by 
the vertical magnetic dipole source situated h-meters above 
the ground surface are evaluated. For the airborne pros­
pecting applications. Equation (58) will be used. 
Equation (60) can be modified to a Bessel function 
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integration by using the Sommerfield integral expression 
[27]. Converting from cartesian coordinates to cylindrical 
coordinates by substituting the transformation equations: 
k = A cos 9 X = r cos g 
X 
k = A sin 9 y = r sin g 
x^+y^ = r^ 
-00 < X < "» -it < 9 < 7t/ 
results in the integral expression: 
r(r,o") [ if  • 
e 
The term inside the bracket is the Bessel function of zero 
order, JgfAr) (Harrington). 
r(r,0") = ^1 — AJn(Ar)dA . (61) 
The Depth Sounding Method 
The depth sounding method is a technique of EM sounding 
to study variations of conductivity with depth, while the 
horizontal profiling method is used to study lateral changes 
in conductivity. Parametric sounding, in which frequency is 
varied to change the effective depth of penetration, is 
preferred for the depth sounding. 
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In order to make a depth sounding, the Hertz potential 
expression in Equation (61) is to be modified to obtain the 
mutual impedance ratio. This mutual impedance ratio which 
contains the geoelectrical parameters of the multilayered 
earth is a function of frequency. 
Homogeneous earth case 
The Hertz potential due to the vertical magnetic dipole 
source located on the ground surface can be evaluated on the 
surface of the homogeneous earth. The integrations involved 
in evaluating the potential function are carried out in 
Appendix B. The results of the integrations shown are in 
Equation (62). 
— y  
r(r,0 ) = 2^ —2—^] (62) 
^e ^  
If we consider the field point to lie on the x-axis, 
y = 0, r could be replaced by x. Then, the vertical magnetic 
field can be obtained by using Equation (14). 
3^r(x,0") H,Cx,0 ) ^ 
IT 1 2 2 3 3 
2in —(9+9YgX4-4Yg x +y^ x )e -9J 
^e ^  (63) 
The vertical component of the primary magnetic field 
in the far field zone due to the dipole source m which is 
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located on the ground surface is: 
H m 
zp 4ITX ? • 
(64) 
The mutual coupling ratio for the homogeneous earth 
is, therefore. 
2,  IT  homo zp homo Y 
2 2 2 2 3 2[(9+9YeX+4Y2 x^+Yg X )e ® -9] . 
(65) 
For the homogeneous earth, = /jtoya^ - Also, it is 
customary to normalize any distance by the penetration depth, 
t 
For example, the normalized spacing between the 6, =  X i / coya  
transmitter and the receiver is termed: B=x/ô^, and is called 
the induction number. Note that. 
YgX =/2^B = (l+j)B . 
The final expression for the normalized mutual im­
pedance is: 
z. 




Layered earth case 
The recursive relation of the reflection coefficients 
which was obtained in Equation (35) for the multilayered 
earth can be simplified to: 
-2a, t^ 
l-R(X,d^~)e ^ -L 
^0"^1 ] -2a.t 
1+R ( A, d-j ) e 
r(a,o-)= =2ettr" 
l-R(A,d^~)e ^ -L 
^0+^1 -2an t 
l+R(A,d^ )e ^ 1 
and 
-2a-t_ 
l-RCAfdg )e ^ 
. -232(2 
lH-R(X,d, )e_2a t ' 
k,+k. ii 
' 1 2  _  - 2 a 2 t _  
l+R(A,d2 )e 
and for the i^ layer 
l-r(a,di+i")e 
R(X,d ) = g . (67) 
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For the three-layered earth, tg = Therefore, 
_ ^2 ^ 3 
aca'dz ) = kl+k! 
Let 
k,-k, -2a-t„ 
^2 k_-k? -2a_t_ 
1+ , e ^ ^ 
( 6 8 )  
k2+k2 
then 





^0 = ^ 
kl = = |-^^a^ô|+2jk3_, 
k, = 'x'+yz^ = i- 'x"6]"+2ik2, 
and 
kg = 'x'+ys" = ^  si+2ik3 ' 
^ ,th K^ = — is the conductivity contrast of the i layer and 6^ is 
the depth of penetration of the electromagnetic wave in region 
1. The integral representation in Equation (52) will be now 
modified for the multilayered earth case. The Hertz poten­
tial of Equation (56) becomes: 
f^(a,0") = f^(a,0") + f*(a,0") = ^ 
It is already known that; 
and 
r * ( X , 0  ) = R(A,o")f ^ ( x , 0  ) 




irsr- = ^ [i+r(x,o")] 
^o *e ^o 
^ = ^ [1 + . (72) 
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Substituting Equation (72) into Equation (60) results in: 
j (k x+k V) 
j^Il+R(X,0 )]e ^ dk^dky 
or 
where is recursive function obtained in Equation (69). 
The z-component of the magnetic field can be obtained 
from Equations (14) and (73). 
h rr,o-) = 0-) ^  8^r(r,0-)j 
3%: 3y^ 
1 2^ ma - ick-x+k-y) 
=  %)  I  î ^ [ l+R(X ,0  ) ] e  ^  dk^dky .  
(74) 
This is a two-dimensional Fourier transform which must 
be evaluated to find the magnetic field response over a 
multilayered earth. It can be modified to a Bessel integral 
equation in a manner similar to that used in Equation (61) 
and by considering the field point to lie on the x-axis. 
The result is : 
H,(.x,0 ) = [1+R(X,0 )]X"J. (Ar)dX- (75) 
The first term of Equation (75) corresponds to the 
incident afield at the ground surface; which is the same as 
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the primary field term of Equation (64) . The mutual coupling 
ratio for multilayered earth, therefore, is the ratio of 
Equation (75) to the Equation (64). That is: 
H (x ,0  )  2  "  
- r=t-=l + x 
=^0 a,p(x,o-) R(X,0 )À^J-(A x)dA (76) 0 u 
where R(A,0~) is defined in Equation (70). By normal­
izing the distance variable by the penetration depth in the 
same manner as used in Equation (66), letting = g and 








Tn = R(g) g' 'J_ (gB) dg (78) 
This integral does not converge, unless it is modified as 
r" 2 
suggested by Wait [10]. Let Tq" = j R(g) ^^^^g jQ(gB)dg, 
which is the secondary field in the presence of a homo­
geneous earth which is obtained in a closed form in Equation 
(66). By adding and subtracting Tq" in Equation (78), 
we have TQ = TQ" + TQ'. Where 
r°° 2 
T-' = I lR(g)-R(g) I ]g J (gB)dg (79) 
" JO Ihomo " 
TQ' can be evaluated by several different methods involving 
a digital computer. The reflection coefficient of Equation 
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By combining Equations (65), (77), (78), (79) and (80), the 
final expression of the mutual coupling ratio in the multi-
layered earth case is: 






2 f" 2gU(l-Q. ) g 
homo * ^  Jo (g+"i)(g+UiQi) ^0(93149 
The parameters and are defined as follows: 
uq " <5^0 = = 9 
(81) 
/tzmr: /m Ui = 6kj_ = A 6 +2jK^ = g^+2jK^ 
u- = 5k. = ^\^62+2jk_ = ^g^+2jk_ (82 )  
/i2— 
= 6k^ = x 6 +2jkj^ = 'g^+2jk^ 
and, by rewriting (68) and (69), 
qi = 
d^-u^qj -2u^d^ 
- u^+ujqj e 
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U,+U Q 
°2 = "2-°3°3 
"2+o3o3 
, "i-"i+l°i+l -20i+l0i+l 
n = " °i+"i+lql+l 
where 
'"i " T 
t. ^ 
D- - ^ , the normalized thickness of the i layer. 
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CHAPTER III. LINEAR FILTER METHODS FOR EVALUATING 
THE HANKEL TRANSFORM 
The integral Equation (81) for the mutual coupling 
ratio between a vertical magnetic dipole source and a loop 
receiver has been derived in the previous chapter. The 
integrand of this equation is product of two functions. 
One is a kernel function, which contains the reflection 
coefficient which, in turn, depends on the geoelectrical 
parameters of the earth and the operating frequency, while the 
other is a Bessel function. Due to the slowly-decaying oscil­
latory behavior of the Bessel function, the numerical evalua­
tion of this equation is a time consuming task. Gaussian 
quadrature methods had been commonly used for this numerical 
evaluation until Koefoed, et al. [9J introduced a linear digi­
tal filter technique for the numerical evaluation of a Hankel 
transform. Anderson [28] and Flemming [29] extended this 
method for the evaluation of cosine and sine Fourier trans­
formations . 
This linear filter technique could reduce the computing 
time to about a quarter of the time required for the Gaussian 
quadrature method while maintaining about equal accuracy. 
This method takes advantage of the linear relation between 
the kernel function, the input of the linear system and 
the mutual coupling ratio; that is, the output function. It 
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seems, therefore, that this method could be extended to other 
types of integral equations which meet the linear condition. 
Linear Filter Analogy 
The linear relationship between the input function, 
f(t), the filter function, h(t), and the output function, 
g(t) , is: 
çca 
g(t) = I f(T)h(t-T)dT = f(t)*h(t). (84) 
On a real time base, the system starts at t 0 and considers 
the time interval, 0 < t < However, in the space domain 
the interval is -<» < x < <». In the time domain the output 
signal is obtained by convolving the input signal with the 
transfer function (filter function). According to Fourier 
transform theory, the time domain convolution is equivalent 
to frequency domain multiplication. 
The Bessel function integration in Equation (81) can be 
rewritten as: 
3 3 2 G(B) = B-^Tq' = B^l g R(g,d^,a^)jQ(gB)dg. (85) 
0 
Equation (85) can be modified to a convolution integral 
y—x a M /f ^ by substituting: B = e^ nd g = e . The result is: 
G(y) = e^^ e ^^R(x,d^,a^)Jq(e^ ^)e^ ^ dx* ( 8 6 )  
By comparing Equations (84) and (86), we obtain the following 
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relations : 
— 2x input function: e R(x,d^,a^) 
and 
transfer function; e^ ^ Jq(e^ ^ )• (87) 
After proper substitution of a logarithmic function the 
Hankel transform of Equation (81) can be regarded as a con­
volution integral. The linear character of the transforma­
tion facilitates operating on the spectrum of the Hankel 
transform function. The convolution integral can be easily 
obtained by using predetermined filter weights. 
Sampling Method 
According to the sampling theory, if the Fourier trans­
form of a function g(t) is zero for the frequency higher than 
a certain frequency f^, then the continuous function g(t) 
can be adequately represented by the sampled values at 
sampling points spaced at a periodic interval T. That is: 
00 
g(t) = g(nT) 2 6 (t-nT) (88) 
n=-co 
where f^ = Nyquist frequency and g(t) represents the 
sampled function of a continuous function g(t) . 
The continuous function can be reconstructed by replacing 
the sampled function by a sine-function such that: 
00 sin ^(t-nT) 
gCt) = Z g(nt) — . (89) 
n=-w ^(t-nT) 
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It is noted that there are two constraints of the 
theorem. The first constraint is that the signal g(t) must 
be band limited and the second constraint is that the sampling 
space T must be less than or equal to the Nyquist period 
1 in order to avoid aliasing. 
c 
In a practical sense, the frequency spectrum of the 
kernel function and the response function of the electro­
magnetic wave signal do not become equal to zero beyond a 
certain frequency, but they approach zero asymptotically. 
The determination of the sampling space is equivalent to 
neglecting the portion of the frequency spectrum beyond the 
î^quist frequency. The sampling interval T = was proven 
by Koefoed et al. [9] to be adequate to reproduce the actual 
input function with an error less than one part in 10^. 
Determination of the Digital Filter 
In the previous section we have seen that the input 
function can be represented as a sum of sinc-functions, 
therefore the output function is a sum of integrals of which 
the integrand is the product of a sine—function and the 
filter function. This integral is referred to as a sinc-
response of the filter. Since the sine—response is the 
convolution of the sine—function with the filter function, 
the spectrum of the sinc-response is the product of the 
spectrum of the sine-function and the filter spectrum. 
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According to the method introduced by Koefoed et al. 
[9], it is necessary to take the following steps to determine 
a filter spectrum: 
1. Use a particular input function such that the 
integral has a closed form solution, such as: 
^00 
, J„(gB)ag = — . (90) 
'TO 
2. Substitute g = e ^  and B = e^ into Equation (90). 
Then, 
r ,-ae-X{ey-*J.(ey-x,}dx = sL- . (91) 
As y->—oo the output goes to zero but as y-^, the output 
function approaches unity which does not meet the necessary 
condition for a function to be transformable. 
Since the output and the input are linearly related, 
we can subtract the same function with a different value of" 
the constant a (a=l, a=2). Thus, 
•" (e-e"*-e-2e"*) (ey^) idx 
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where 
f(x) = +" F(w)' 
h(y-x) = e^ ^JgCe^ -<-> to be determined, 
gY eY 
g(y) = - •• G(co) ; 
•'i+e^y "7^ 
where denotes Fourier transformation. 
3. From the relationship of Equation (92), the filter 
spectrum can be obtained by dividing the output spectrum by 
the input spectrum. These are obtained by Fourier trans­
forming the output function and the input function, 
respectively. 
Filter spectrum = F (co) 
4. Multiply the spectrum of a sinc-function which is a 
block function of length ^ and magnitude T by the filter spec­
trum and cutoff at the Nyquist frequency Note this is 
equivalent to the multiplying of the filter spectrum by the 
block function. 
5. Take inverse Fourier transform of this product to 
obtain the sine-response. 
Since we use the sampled value of a input function and 
expect to get the sampled values of the output function, we 
need the sampled value of the sinc-response function. The 
sine-response of a filter, which may be called the 
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filter weights, is a function of frequency which decreases 
monotonically for negative frequencies and exhibits a decaying 
oscillatory behavior for positive frequencies. 
The procedures discussed above to determine the filter 
coefficients is a theoretical discussion. In a practical 
sense, however, designing a good filter is a kind of art in 
that some of the filter coefficients could be adjusted a 
little bit by some trial-and-error technique in order to find 
the best fit of the linear relationship of the input and the 
output function. 
Since Anderson's [28] filter coefficients show better 
results than Koefoed's coefficients, his values have been 
used for the convolution summation throughout this study. 
Numerical Evaluation 
The FORTRAN program for the numerical evaluation of the 
coupling ratio which has been derived in the previous chap­
ter (Equation (81)) and the zero difference of the phase 
angle components between the two receivers which will be 
discussed in the next chapter in detail are illustrated in 
the main program MAIN 1 and MAIN 2, respectively, in Appendix 
A. 
The MAIN 1 is designed to calculate the total coupling 
ratio which is divided by two parts. One part is due to 
the homogeneous earth which is expressed in closed form in 
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Equation (66) and the other part, which is in the form of a 
Bessel integral equation in Equation (81), is due to the 
multilayered earth. The latter part contains the most im­
portant geoelectrical parameters. With other geoelectrical 
parameters constant, the mutual coupling ratio is expressed 
as a function of an induction number, B. At each sampled 
value of B, the variable B is transformed into a logarithmic 
scale which corresponds to the value of y in a logarithmic 
domain. This value of y is convolved with a filter abscissa 
FAX(l) to obtain a new abscissa x. Exponentiation of the 
negative x will take this variable back to the integral 
variable g in the original domain where the kernel function 
being evaluated is to be convolved with the corresponding 
filter weights. 
This procedure will be continued as many times as the 
number of filter coefficients, 61 in this program, in order 
to obtain the coupling ratio for one sampled value of the 
induction number B. 
The program MAIN 2 is designed to find a zero point of 
the phase angle difference, which is a function of the in­
duction number B, between the two detector loops. Muller's 
iteration method has been combined with a linear interpola­
tion technique in this algorithm and used to find a root of 
a continuous function. 
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Subroutine FUNCT has been called whenever it is necessary 
to calculate the function value and the sub-subprogram 
CONVOL is called in subroutine FUNCT to evaluate the con­
volution summation with the filter weights. 
For more accurate computation of the roots, B, either 
the first convergence criterion EPS could be made smaller 
or the second convergence criterion NSIG may be made larger 
with somewhat more iterations required. 
The deviation of the phase angle function is high at 
small values of the induction number, B and becomes smaller 
as B is increased, therefore EPS is actually a criterion for 
small B and NSIG becomes the criterion for larger B. 
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CHAPTER IV. NUMERICAL RESULTS AND DATA 
INTERPRETATION 
Numerical Computation of the Coupling Ratio 
Over Two- and Three-Layered Earth 
The mutual coupling ratio integrals have been evaluated 
by using a linear digital filter technique described in the pre­
ceding chapter. This method has advantages over the Gaussian 
Quadrature techniques which have been discussed earlier. 
In order to compare these numerical results obtained by 
the linear filter techniques to Frischnecht's results [5], 
the real part, the imaginary part, the magnitudes and the 
arguments of the mutual coupling ratio are computed for the 
same range of parameters as Frischnecht*s. 
These parameter ranges are: Conductivity contrasts 
^2 (K~ = —) of 0.0, 0.1, 3.0 and 10.0 are considered for a 
1 R 
range of thickness of the top layer (BD = of 2, 4, 8, and 
10. For a fixed separation R = 100 meters between the source 
and the receiver, the phase angle and the magnitude of the 
coupling ratio are evaluated on the sampled values of the in­
duction number (B=^) of 0.2, 0.4, 0.6, 0.8, 1.0, 2, 3, 
4, 5, 6, 7, 8, 9, 10. The parameter B, called the induction 
number, is a function of frequency through the relationship 
B = ^ = where the conductivity of top layer of 
the earth, and a fixed source-receiver separation R are 
known and the permeability of the earth, n, is assumed to be 
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-7 the free-space permeability Uq — 4TTX10 Henry/meter. There­
fore, the induction number B will be referred to as frequency 
from time to time. 
When the source-receiver separation R is fixed, the 
parameter BD = is inversely proportional to the top 
layer thickness. The displacement currents in the half 
space are neglected and the magnetic field components are 
evaluated using a quasi—static approximation for the fields 
due to a dipole source located on the ground surface. The nu­
merical results are tabulated in Tables Bl, B2, and B3, and the 
magnitudes and phase angles of the coupling ratio (z/zO) of 
the two-layer earth model are plotted on bilogarithmic 
coordinates in Figures 5a-d and semi-logarithmic coordinates 
in Figures 6a-d, respectively. 
Comparison shows that these results are very close to 
Frischnecht's data. The magnitudes of the coupling ratio 
are relative in that it is the ratio of the secondary 
magnetic field to the primary field ( H /H .) . Each graph of 
S p 
Figures 5a-d and 6a-d corresponds to one of the conductivity 
ratios = O.O, 0.1, 3.0, 10.0. In each of the figures, 
r 5 curves represent the ratios of 0.0, 2.0, 4.0, 8.0, 
and 16.0 which correspond to top layer thicknesses of o®, 
50, 25, 12.5, and 6.25 meters, respectively. Infinite 
thickness of the first layer means a homogeneous earth, 
therefore, the curve of BD=0 is always the same regardless 
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of the different conductivity contrasts. Interpretations of 
data of two-layer earth models are mainly based on the reso­
lution of electromagnetic frequency soundings. Resolution 
means an obvious change in the shape of the curves of 
responses |z/zO] or arg(z/zO) versus frequency (B). 
At small values of B, less than B-3, the phase angles 
and the differences in phase angles are very small. It is 
noted, however, that for B greater than 3, the phase angle 
curves exhibit distinctive minima whose magnitudes vary 
considerably from curve to curve. 
This is the clue we are going to examine as a possible 
basis of a method for interpreting geophysical data by means 
of a three-layer earth model. This method will be discussed 
later. 
In order to compare the magnitude and phase angle of the 
mutual impedance for a three-layer earth case with those of 
the two-layer earth case, these parameters are calculated 
for some values of BD and B as in Figures5a-d and 6a-d. 
The results, which are plotted on Figures7a-7d, depict the 
phase angle components for the case where the thickness of 
the second layer is 2 meters. It is realized that both the 
magnitude and the phase angle of the mutual impedance in the 
three-layer earth case have very poor resolution for a 
conductivity ratio K2<1 (Figures 7a and 7b) . But, when K2>1, 
as the conductivity contrasts and the thickness of the 
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second layer SD2 are increased, the magnitude and phase angle 
responses exhibit better resolution (Figures 7c and 7d). In 
particular, the phase angle components contain some signifi­
cant information in the range of the induction number B from 
3 to 12, while the magnitude keeps increasing as B is in­
creased. Therefore, we will consider the phase angle of the 
mutual coupling ratio (z/zO) for the range of induction 
numbers, B, between 3 and 12 as is shown on Figures 8a-8c. 
Each graph has a different conductivity ratio: = 3, 
4, and 5. 
Methods of Data Interpretation in 
Three-layer Earth 
We have found that the phase angle response of the 
mutual coupling ratio contains significant meaning for geo­
physical exploration based on the three-layer earth model 
for the range of induction number B from 3 to 12. 
The main concern of this research is to detect strati­
fied coal deposits by using this interpretation method on a 
three-layer earth model. This might well be applied to coal 
exploration in the midwest area of the U.S.A. One example 
is a typical stratigraphie section of an Iowa coal mine as 
shown on Figure 3. Referring to this typical coal bed situ­
ation, the range of the geophysical parameters will be con­


















Figure 3. Stratigraphie section taken from Mich mine, Iowa 
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2 The conductivity ratio K2 = — =3, 4, 5 (conductivity 
^1 
of coal is around O . O S V / m  0.05 CJ/m, and that of soil is 
about 0.01 Tj/m), and the top layer thickness, SDl, ranges 
from 8 meters to 33 meters. Therefore, for a source-
r 
receiver separation R of 100 meters, BD = i-s sampled at 
3, 4, 5, 6, 8, 10, 12, 16, 20, 24 and the thickness of the 
second layer SD2 are chosen to be 1, 2, and 3 meters. It 
is assumed that the third layer has infinite thickness and 
the same conductivity as the first layer . These 
assumptions reduce the 6 geoelectrical parameters for the quasi-
static condition: c^, SDl, 02/ SD2, and SD3 to 4 parameters 
a^, 02, SDl, and SD2. All distance and depth are normalized to 
the penetration depth in the top layer (6 ). For a fixed 
separation R between the source and receiver of 100 meters, the 
*^2 r 
unknowns are: K2 = —, BD = and SD2. If we know the con­
ductivity ratio of coal to soil, then the remaining parameters 
to be determined are the depth and seam thickness of the coal 
deposits. Thus it is possible to detect not only the depth of 
the coal deposit but also the thickness of the coal deposit can 
be determined by using this method. 
We have evaluated the phase angle response of the mutual 
coupling ratio with those parametric ranges mentioned above, 
and the resultant phase angle Cdegree) curves are shown on 
Figures 8a-8c, where each graph corresponds to a different 
conductivity contrast CKg) and BD is a parameter. From these 
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graphs we can extract two important properties for geophysical 
data interpretation. One is the minimizm phase angle. This 
parameter contains some information in the case of a shallow 
overburden. The other is the cross-over point between the 
phase curves of BD and 2BD. We will concentrate more on the 
latter property in this thesis. 
Minimum phase angle 
It is noticed in Figures 8a-c that the phase curves exhibit . 
a distinct minimum value around the induction number B=5, 
and these minimum values are quite different (good resolu­
tion) and shift to progressively higher values of B as the 
top layer thickness decreases. The absolute value of the 
minimum phase angle becomes larger as the thickness and/or 
the conductivity of the second layer are increased, while 
the induction number B of minimum value does not change much. 
The minimum phase angle, therefore, is more dependent upon 
the top layer thickness than the induction number. 
The curves of the minimum phase angle versus BD for 
BD<6 are shown on Figure 9. Since the minimum phase angle 
for BD<6 is not obvious and does not have much meaning 
this region, BD<6 is neglected in this graph. The minimum 
phase angles are calculated at sampled values of BD = 6, 8,10, 
12, 16, 20, and 24 (SD1 = 16.7, 12.5, 10, 8.25, 6.6, 5, and 4.12 
meters, respectively) for different second layer parameters 
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(Kg' SD2) . 
There are several features which may be useful for 
geophysical data interpretation. There is a certain value 
of the top layer thickness where the minimum phase angles 
are equal if the thickness of the second layer is constant 
but the conductivity contrast different. For example the 
group of the minimum phase angle (MPA) with SD2=1 
(there are 4 curves with different ~ 3, 4, 5, 10) meet at 
one point where the top layer thickness is 8.62 meters and 
its îdPA is -99°. The next group with SD2=2 meet at the top 
layer thickness 8.12 meter and MPA is -99°, and the third 
group SD2=3 meet at SD1=7.8 meter and MPA=-99°. This 
interesting characteristic may not be generally true but it 
certainly is worthy of further study. Another thing to be 
pointed out is that for this interesting point of SDl, the 
MPA becomes more dependent upon the conductance (a^ x SD2) 
of the second layer rather than being a function of just 
conductivity K2 or the thickness of the second layer sepa­
rately. 
Zero difference of phase curves between BP and 2BD 
Another important characteristic, apparent in the 
phase angle curves as mentioned before, is the cross-over 
point of phase curves between BD and 2BD. Both the phase 
angle and the induction number at the cross-over point of 
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these two curves give fairly good resolution for the data 
interpretation based on a three-layer earth model within the 
range of BD from 3 to 12. With the assumption of a constant 
first layer thickness along the region of measurement, if 
one curve of BD represents the phase response of the mutual 
coupling ratio of a source-receiver separation R, then the 
other curve of 2BD represents the phase angle of the coupling 
ratio of a source-receiver separation 2R. 
In order to measure both phase curves simultaneously, 
two receivers are required. One receiver is located a dis­
tance R from the source antenna and the other is lined up 
at the distance of 2R from the source. It is noted that the 
induction number B should be maintained constant at both 
receivers. Therefore, the tuned frequency of the first 
system (R) must be 4 times higher than the frequency of 
the second system (2R). 
Prospecting instrument 
The prospecting instrument that is proposed herein 
might be considered to be some form of a pattern recogni­
tion process. Basically it would consist of a variable fre­
quency source and two receiver loops (Figure 4). The vertical 
magnetic dipole source radiates electromagnetic energy at 
two frequencies : one frequency being 4 times the other 
frequency. Both frequencies are swept through a preset range 
Source Transmitter Receiver #1 Receiver #2 
4xf 
/ \ 
















Figure 4. Prospecting instruments (hardware) 
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(3 B 11) but the four-to-one relationship between the fre­
quencies will be maintained at all times. In terms of hard­
ware, a variable frequency oscillator in the audio frequency 
range coupled to a times-four multiplier will provide the 
necessary signals. The two receivers are located as follows: 
one receiver, tuned to the frequency f, will be located a 
distance R from the transmitter, and the second receiver, 
tuned to the frequency f/4, will be located a distance 2R 
from the transmitter on a straight line through receiver #1. 
The effect of this combination of frequencies and spacing is 
to maintain the parameter B at the same value for both paths. 
The parameter BD = 4/SDl will be twice as large for the path 
of length 2R as it is for the path of length R. Thus, for 
example, if the ratio of the source-receiver #1 separation 
T> 
to the thickness of the first layer is 8 (BD = = 8), then 
the curve BD = 8 would be measured at the receiver for the 
path of length R (at frequency f) whereas the receiver #2 
at frequency f/4 would measure the curve BD = 2R/SD1 = 16. 
As mentioned earlier, it should be noticed that the 
phase contour has better resolution within the interesting 
range of B, 3<B<12, than the magnitude contour. For this 
reason, the measurement process will involve the comparison 
of the phase angle of the mutual impedance of the two re­
ceiver locations. Monitoring the difference between the 
phase angles measured at the two receiver locations ensures 
66 
that the instrument will produce a zero output, regardless of 
the operating frequency, when there is no subsurface structure 
(for homogeneous earth BD = 0 at both receiver locations 
since SDl = «>) . When there are subsurface geoelectrical 
layers present the difference in the phase angle measurement 
results in a somewhat oscillatory phase angle difference as 
B is varied (Figures lOa-c). 
The exploration depth, which is often confused with 
penetration depth is the depth, to which an interface may 
occur in order that a signal reflected from it just becomes 
obscured in noise; it is therefore a function of the method 
of measurement whereas the penetration depth is a function 
of the frequency and the electrical parameters a and y 
of the medium. With the help of recently developed digital 
electronics systems, the magnitude and phase angle of 
electromagnetic field can be measured over 4 frequency 
decades. This development has stimulated theoretical 
studies demonstrating the behavior of EM coupling over a 
wide frequency range. 
We will discuss several methods for geophysical data 
interpretation of the three—layer earth model by using two 
receivers as the detector. 
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Master curve/master data 
Plots of the phase-angle difference between two re­
ceivers formed by subtracting the phase-angle at the first 
receiver (/Z/ZO at BD) from that of the second receiver, 
( / Z / Z O  a t  2 B D )  ,  a s  a  f u n c t i o n  o f  B  a t  v a l u e s  o f  B D  =  3 ,  4 ,  
5, 6, 7, 8, 10, and 12 are shown in Figures lOa-c. Each 
graph corresponds to a conductivity contrast, K2 = 3, 4, and 
5 respectively. It is noticed in the graphs of Figures lOa-c 
that all the curves cross the zero point from the negative 
side and the induction number B where the zero difference 
occurs has fairly good resolution in terms of interpreting 
the geoelectrical parameters. The measured data of the phase 
angle at both receivers and the induction number B measured 
simultaneously with the phase angle can be transformed to 
the geoelectrical parameters: the top layer thickness (SDl), 
the second layer thickness (SD2), and the conductivity 
contrast through the master curve (Figures lOa-c) or 
on the master table (Table B3). 
The values of BD ranging from 3 through 12, which covers 
the top layer thicknesses ranging from 33 meters to 8.25 
meters for our particular set-up of source-receiver #1 
separation R=100 meters, are plotted on the x-axis in Figures 
8a-c and the induction number B ranging from 4 to 13, which 
B 2 1 
covers the frequencies f = (=) . = 4 .05 KHz through 42. 8 KHz 
^ TTUCTT 
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for a^ = 0.01 u/m, R= 100 meters andii = UQ, are shown on the 
y-axis- The absolute value of the phase angle (degrees) is 
plotted on the z-axis. Each curve x-y plane represents 
a second layer thickness ranging from 0.5 meters to 10 meters 
and the phase angles corresponding to the SD2 are drawn on 
the line of constant thickness of the second layer. This 
master graph, shown on Figure 11, could be used as a pattern to 
recognize the geophysical structures, such as the top layer 
thickness (SDl) and the second layer thickness (SD2), with a 
priori knowledge of conductivity contrasts , can be identi­
fied through the master curve from the information of the 
phase angle and the induction number B. Both of which 
can be measured by means of the suggested prospecting instru­
ments . 
Constant conductance method 
Another pattern for data interpretation is introduced 
here by modifying the idea of the master data. 
It takes the advantage of the point that conductance, 
the product of the conductivity and the thickness of the 
second layer can be treated as a parameter at the larger 
thicknesses of the top layer. 
It is seen on the master curve, (Figure 11) that as the 
top layer thickness becomes larger, the induction number 
becomes a function of the conductance of second layer rather 
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than a function of the conductivity or the thickness. This 
same effect was noticed for the minimum phase angle. This 
constant conductance curve method is good for thicker over­
burden case$/ while the minimum phase angle method is more 
applicable to thinner overburden cases. 
The graph in Figure 11 shows the relation between 
induction number B and top layer thickness at different 
conductance values, C = K2 x SD2 = 5, 10, 15, and 20. Each 
conductance contains three combinations of and SD2 with 
= 3, 4, and 5, and corresponding SD2 = C/K^ = C/3, C/4, andC/5, 
in order to maintain the constant conductance. Four differ­
ent groups of curves represent constant conductance values of 
5, 10, 15, and 20 from the top. The relations betweenB and SDl 
at each constant conductance are very close to linear for the 
thicknesses of the top layer larger than about SDl =13 
meters, which corresponds to BD = 6 for R = 100 meters. 
The response curves are very distinct at different values of 
conductance but the curves with different and the different 
SD2 maintaining the constant product are all in one curve. 
However, the phase angle responses which can be measured 
on both receivers simultaneously with the induction number 
B are different at every K2*SD2, even if the conductance is 
the same. In other words, the phase angles keep decreasing 
as increases. For example, at a fixed SDl, say 20 meters, 
as increases through values of 3, 4, and 5, maintaining 
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t±ie conductance of the second layer at a constant value of 
5, the induction nuinber B remains at 6.24 for these three dif­
ferent cases but the phase angle changes to 92.72, 91.86, 
91.34 degrees, respectively. Through this graph, the measured 
data B and phase angle can be transformed to the thickness of 
the first layer and the constant conductance values. 
We now consider a specific case as an example, suppose 
that the zero crossing of the phase angle difference is 
observed to occur at B = 5.75 and a phase angle at each re­
ceiver is measured to be 92.44 degrees. 
Consideration of Figure 11 shows that these values are 
satisfied by the conductance value of 5, and the top layer 
thickness can be evaluated to be 25 meters thick without too 
much error involved in the interpretation. We also could sepa­
rate the conductance into conductivity contrasts (K^) and 
thicknesses of the second layer (SD2) . For instance, with the 
measured data B = 5.75 and the phase angle of 92.4 degrees we 
have already found the top layer thickness and the conductance 
value of 5. There are three different combinations of and 
SD2 in the conductance value of 5, 3 and 5/3, 4 and 5/4, 5 and 1 
and the corresponding phase angle of the case of = 5, 
SD2 — 1 should be 92.44 degrees according to the graph in 
Figure 11. With the knowledge that phase angle decreases as 
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K2 increases, we could guess that K2 is little higher than 
5 and SD2 is little smaller than 1 and the approximation can 
be determined by interpolating the values. If we do not have 
any information about the conductivity contrast s priori 
it will be a good method to estimate the conductivity con­
trasts as well as the second layer thickness. However, since 
the difference of phase angle is so small in one conductance 
group, and the differences of and SD2 to be determined 
according to phase angle are so big, small error in the phase 
angle information may cause significant errors in the estima­
tion of and SD2. 
We will next consider another way of data interpretation 
which will be convenient for predicting the variation of 
the second layer thickness by the measured data of induction 
number B with a priori knowledge about and SDl. 
B (frequency) vs. SD2 variations 
Another method of data interpretation which is useful 
in the prediction of the second layer thickness variations 
based on measured values B with known values of SDl and 
is described here. 
The graphs in Figures 12a-c, obtained by rearranging 
the master data (Table B3), show values of BD ranging from 3 
to 12 plotted on a two-dimensional graph with induction 
number B ranging from 4 to 12 on the vertical axis and SD2 
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ranging from 0.5-10, on horizontal axis. Each graph depicts 
conditions for a conductivity ratio = 3, 4, 5. It is 
necessary to have relatively good conductivity contrast 
information prior to using this method. For small values of 
BD the induction number exhibits a nearly linearly decrease 
as the thickness of the second layer is increased. As BD be­
comes larger ( thinner top layer ) the relationship between B and 
SD2 is more like an exponentially decaying function. In other 
words, the frequency response is more sensitive to the thick­
ness of the second layer. As the overburden becomes thinner 
and as SD2 becomes smaller, the operating frequency is higher 
for constant SDl. The absolute value of the phase angle de­
creases as SD2 increases along the constant BD line. The 
number on each line in Figure 12 is the absolute value of 
phase angle (degree). The measured frequency at which the 
phase angle at both receivers are the same becomes lower as 
both the overburden and the second layer (SDl and SD2) become 
thicker. For the fixed SDl, the phase angle and the frequency 
are higher as SD2 is smaller. The measured data of B 
(frequency) and/or phase angle could be used to monitor the 
variations of SD2 if we have and SDl information a priori. 
Figure 13 shows the similar relationships between 
frequency and SD2 with the lowest and highest values of 
the parameter BD and three different conductivity ratios; 
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Kg = 3, 4, 5. It is realized here again, that as the con­
ductivity ratio becomes higher, the frequency and the phase 
angle are smaller for a constant BD. 
The relation between three-layer model and five-layer model 
In this section, this three-layer earth model is ex­
tended to the five-layer model to determine if the generality 
of this interpretation method based on the three-layer earth 
model is valid for the multilayered earth. 
While the two-layer earth model is no longer valid 
when the assumption of an infintely thick second layer 
fails, the three-layer earth model is still good when the 
thickness of the third layer is finite and therefore, there 
are additional layers, 4th and 5th layers, within the explora­
tion depth. We have considered how the three-layer earth model 
is related to the five-layer model. 
Phase angle responses at the single receiver were calcu­
lated with values of BD = 2, 4, 6, 8, and 16. Each curve 
represents a different combination of conductance, 802*^2 in 
the three-layer model and each group of curves contains four 
components; one is the three-layer earth model with the second 
layer conductance 802*^2 = 12, and the others are three 
different combinations of the conductance of the middle three 
layers in the five-layer earth model. 
The particular earth model we are considering for coal 
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detection is one in which oand d^, d^, d^ are the 
conductivity and the thickness of the middle layers; that is, 
the 2nd, 3rd, and 4th layers of a five-layer earth model. We 
assume that the conductivity of soil which is present in the 
1st, 3rd and 5th layers is usually less than the conductivity 
of coal which lies on the 2nd and 4th layers. 
The conductance of each middle layer of five-layer model; 
1.e., O2 ^ SD2 in layer 2, x SD3 in layer 3, and x SD4 in 
layer 4, are combined such that the total conductance of the 
middle layers, which is the sum of the conductances of layers 2, 
3, and 4, = Og x SD2, + x SD3 + SD4 in the same as 
the conductance of the middle layer = 1^2 x SD2 of the three-
layer earth model. Also, the second layer thickness of the 
three-layer model is the same as the total thickness of the 
middle three layers of the five-layer earth model. That is, 
Cg = ((^2 X SD2 + OG X SD3 + x SD4) in five-layer earth is 
equal to Cg, = (^2 x SD2) in three-layer earth, and 
(SD2 + SD3 + SD4) in five-layer earth is equal to SD2 in three-
layer earth. The combination of the conductivity and the 
thickness of the middle layers are shown in Table 1. 
The coupling ratio has been calculated to obtain the 
phase angle components at the single receiver antenna for , 
the possible cases shown in Table 1. The results are de­
picted on the graph in Figures 14a-c with the parameter BD = 
2, 4, 8, 16. 
Table 1. Combinations of conductivity and thickness of each 2nd, 3rd, and 4th 
layer of five-layer model 
III Layer V Layer 
SD2 «2 Case 1 Case 2 Case 3 
Thickness Conduc. Thickness Conduc. Thickness Conduc. 
2nd 2 2.5 2 3 1 4 
6 2 3rd 2 1 3 1 4 1 
4 th 2 2.5 1 3 1 4 
2nd 2 3.3 1 4.5 .5 8 
5 2.4 3rd 2 1 3 1 4 1 
4 th 1 3.3 1 4.5 .5 8 
2nd 1 5 1 6.33 .5 9 
4 3 3rd 2 1 2.5 1 3 1 
4 th 1 5 .5 6.33 .5 9 
76a 
Each graph represents different combinations of con­
ductance of the three-layer case and the corresponding five-
layer case. The three-layer earth combinations are: 
S D 2  = 6 ,  K 2  =  2 ,  S D 2  =  5 ,  K  =  2 . 4  a n d  S D 2  = 4 ,  =  3 .  
For the case of SD2 =6, = 2 (Figure 14a), it is seen 
that curve pattern for the five-layer earth is the same as the 
curve for the three-layer earth as long as the conductance of 
middle layer of the three-layer case is the same as the total 
contribution of the three middle layers of the five-layer case, 
the top layer thicknesses are the same. But, the phase angle 
is more sensitive to the conductivity than the thickness for 
larger BD (shallow overburden). The phase angle response is 
not a function of conductivity or the thickness of middle 
layer considered separately but a function of the conductance 
of middle layer for thicker overburden situations. These 
characteristics are the same as was noted in the three-layer 
earth model. For deeper overburden situations (BD is smaller), 
all 4 curves in one group appear to be matched over the 
frequency range. However, as BD becomes larger, thinner over­
burden, the curves are shifted from one another. 
From this fact it is concluded that for thicker over­
burden situations (BD<4, SD1_>25 meters for R = 100 meters), 
the five-layer model could be interpreted as three-layer model 
with the conductivity of the middle three layers of the five-
layer model equal to the conductivity of middle layer. 
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But for the shallow overburden (BD>8), there may be a 
little difference between three-layered model and multi-
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Figure 8a. Phase angle of Z/ZO vs. B for K2=3, SD2=2 as BD parameter 
-1 

































—t" T T T 
, 
00 U.OO 5.00 6.00 7.00 8.00 9.00 10.00 






































,00 y.oo 5.00 6.00 
Figure 8c. Phase angle of Z/ZO vs 
B (FREQUENCY) 




7.00 9.00 10.00 




































y.00 G.00 8.00 îo.oo 









































1 r- 1—— 
5,00 8.00 7.00 
B (FREQUENCY) 


































r T r 1 1 1 1 
3.00 1.00 5.00 6.00 7.00 8.00 9.00 10.00 










































-1— 1 1 n 
U.OO 5.00 6.00 7.00 
B (FREQUENCY) 
Phase angle difference (ARG^Z/ZOj gBQ-ARG/Z/ZOlgQ) vs. B 
"t 
10.00 
0  2 . 1 7  
0 2 . 1 
















7  9  .  z  0  
7  b  .  8  1 1  
/  5  '  ' t  j  
6 9  
6 5 - 8 2  
6  3 . 9 0  71 
6  7 . 6 1  
6  b  •  6  1  
FREQ. VS. DEPTH 
K2=3 SD2=5/3 Q 
Ka=ii SD2=B/ll 
K2=5 302=1 + 
K2=3 502=10/3 X 
K2=% 502=2.5 ffr 
K2=5 902=2 
K2=3 502=5 X 
K2=% 502=15/4 z 
K2-B SD2-3 Y 
K2=3 302=20/3 a 
K2=% 802=5 m 
SD2%U .„  1  
9  2 . 8 6  
X 
V J 9  .  /'t ^  ^  
^  7 2 . 1 8  
7  0 . 3 4  
7  i î  !  7  1  
7  a  .  0  3  
numbers on each position 
represent phase angle in 
the same order of ' 
parameters 
TOP LATER THICKNESS 
1 1 -1 
m.oo 17.00 
B V S .  SDl with Kg, 
1 1 1 1 
20.00 23.00 26.00 29.00 
SD2 as parameter 
8.00 11.00 
Figure  11. 
105-105 












T 1 r 
2.00 y.OO 6.00 8.00 
SD2 (2ND THICKNESS) 
10.00 












60»! 2 12 
K2»5 
2,00 0.00 y,00 S. 00 8.L 
SD2 C2N0 THICKNESS) 






















«3 .29  
\81.26 
82.14  
J8 .90  



















64 .00  
63 .15  
59.58 o a 
[92 .85  
92 .09  
i91  .36  
87 .65  
85 .00  84 .50  
^^51 80 .89  
>c2s<z7.58 
CD 78.98  
74 .02  
69 .75  
ro BD=3 
91 .02  
89 .62  
88.22 
i n  
69 .03  
62 .66  
57.62  -h 
g SD2{2ND THICKNESS 




11 1 1 1 1 1 1 f—— 
3.00 y.OO 5.00 6.00 7.00 8.00 9.00 10.00 















Phase angle of Z/ZO vs. B for three-layer (K2=2.4, SD2=5) and five-
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CHAPTER V. SUMMARY AND CONCLUSION 
A new system for EM depth sounding has been proposed and 
examined on a theoretical basis. The system, which employs 
two receiving antennas, appears to be capable of high reso­
lution of the subsurface geoelectrical parameters. The key 
to the capability of this system is exhibited in comparing 
sounding plots of the phase angle of the mutual impedance 
ratio measured at each receiving antenna as a function of the 
induction number (B). The phase angle should be measured 
over the range of induction number (B=R/7Tf between 3 and 
12. This range of induction number corresponds to the range 
of frequency between 4 KHz and 75 KHz for the particular 
system having a source-receiver separation of 100 meters. 
The exploration depth can be increased by increasing the 
source-receiver separation, R, and maintaining the same 
range of the induction number. The source antenna transmits 
EM signals of two frequencies, one being four times the 
other, so that receiver #1, located 100 meters from the source, 
is tuned to detect the signal of higher frequency and, re­
ceiver #2, located 200 meters from the source, is tuned to 
detect the lower frequency signal. 
This new system is applied to detecting and character­
izing the three-layer earth model. Since the particular 
interest in this thesis is concerned with detecting stratified 
120 
coal deposits, discrete values of the conductivity ratio of 
coal to soil, K2, of 2, 3, and 4 are used and the parameter 
BD, defined as the ratio of R to SDl, is sampled at 3, 4, 5, 
6, 7, 8, 9, 10, 11, and 12. 
Several interpretation methods based on the sounding 
curves which are obtained from the numerical evaluation 
of the mutual impedance ratio by using these discrete values 
of BD are discussed. One, the "Minimum Phase Angle" method, 
reveals better resolution capability in detecting the 
thickness of the second layer. A second technique, the 
constant-conductance method, becomes applicable as the top-
layer thickness becomes larger. The information from the 
field data, phase angle and frequency, can be transformed 
into the geoelectrical data, the thickness of the first layer 
and the second layer, or the conductivity contrasts, by means 
of the master curves. Finally, it is shown, by considering a 
five-layer earth case, that more than complicated stratified 
surface structure can be detected and characterized using 
a three-layer earth model. 
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APPENDIX A: HERTZ POTENTIAL IN HOMOGENEOUS EARTH 
The integral expression of the Hertz potential of 
Equation (61) can be reduced to a closed form. 
[•00 -Xh 
r(r,0") ^ Aj^(Ar)dA (61) 
Multiply the numerator and denominator of the integrand by 
X-VX+Y^ to obtain 
2~ 
„ r x/x +y^ 




^ J (Xr)dX] 
J —00 Y 
'e 
By introducing the Soinmerfield equation [27] which is: 
R /,2,.. 2 
-t e 1 
2~ 
f- - a +yg 
e J. (Xr)dX (A-2) 
where 
/ ? R = Y +z 
the first term of Equation (A-1) can be solved. Differen­
tiate both sides of Equation (A-2) with respect to z twice 
and set z=0, then the left-hand side becomes: 
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APPENDIX A: HERTZ POTENTIAL IN HOMOGENEOUS EARTH 
The integral expression of the Hertz potential of 





Multiply the numerator and denominator of the integrand by 
\-J\ +y_^ to obtain 
m r(r,0 ) = §[ 
r« A A +Ye 
^ JQ (Ar)dA 
J - c o  y  
(A-1) 
r »  , 2  
J (Ar)dA] 
J —00 Y 
By introducing the Sommerfield equation [27] which is: 
-t. 
277 j —c JQ (Ar) dA (A-2) 
where 
• 2^ 2 R = Y +z 
the first term of Equation (A-1) can be solved. Differen­
tiate both sides of Equation (A-2) with respect to z twice 




= ^(l+rYe)e ® (A-3) 
Right-hand side is: 
A^X^+Yg^JofyridX (A-4) 
Equate Equation (A-3) to (A-4) 
r çco —y 
^ A A +Ye Jo(Ar)dX = - ^ (l+rY^)e ® (A-5) 
j —co x 
The second term of Equation (A-1) can be solved from the 
Bessel integration [30] 
r<=° o 3^r(^) 
t J (t)dt = — = -1 
" r (-?) 
where 
rco 
^ i [ (-t)"^e "^dt 2ir 
and 
Ï7 ° ' % In ^ ° r(-J) JO 
r (•^) — ^ /tF 
125b 
Therefore, by letting t = Xr 




Combining Equations (A-5) and (A-6), the Equation (61) 
becomes : 
1 ~Y ^ 




appendix b: tabulated results of numerical evaluation 
of mutual impedance ratios for two-layer 
and three-layer earth models 
Table Bl. Mutual coupling ratio (Z/ZO) between two-loops (R = 100 meters) on the 
i surface of a two-layered earth 
80= 2.0 m=2 k2= 0.0 
B REAL(Z/ZO)  1N(Z/Z0)  MAG(Z/ZOI ARG(Z/ZO)  
0 .20  0 .  1000334E 01  0 .5798686E-02  0 .1000350E 01  0 .3321254E 00  
0 .40  0 .  1004622E 01  Oo 22398396-01  0 .  1004871E 01  0 .  1277217E Ot  
0 .60  0 .  1020080E 01  0 .4499574E- 01  0 .1021070E 01  0  .25256eiE 01  
0 .80  0 .  1052169E 01  0 .6418234E- 01  0 .  1054124E 01  0 .3490719E 01  
1 .00  0 .  1100821E 01  0 .6841129E-01  0 .  1102943E C l  0 .3556114E 01  
2 .00  0 .  1289152E 01  -0 .3085e59E 00  0 . 1 3 2 5 5 7 0 E  01  -0 .1346166E 02  
3 .00  0. 8 Ô 1 3 8 2 8 E  00  -0 .804373gE 00  0 .1178557E 01  -0 .43039e6E 0 2  
4 .00  0 .  2758468E 00  -0 .7736240E 00  0 .8213316E 00  -0.7037552E 02  
5 .00  0. 2189588E-02  -0 .4959421E 00  0e4959466E 00  -0 .8974698E 02  
6.00 — 0 .  4149644E-01  -0 .2840840E 00 0 .2870986E 00  -0.9831050e 02  
7 .00  — 0 .  2 1 1 6 9 2 0 E - 0 1  -0 .179008ÛE 00  0 .1802554E 00  -0 .9674443E 02  
8.00 -0 .  3702286E-02  -0 .1325080E 00 0 .1325597E 00  -0 .9160048E 02  
9 .00  0 .  1829182E-02  -0 .1079017E 00  0 .1079172E 00  - 0 . 8 9 0 2 8 7 2 E  02  
10 .00  0. 1494797E-02  -0 .8987409E-01  0 .8988649E'  01  -0 .e904707E 02  
Table B1 (Continued) 
B D =  4 . 0  M =  2  K 2 =  0  . 0  
B  R E A L < Z / Z O )  
0 , 2 0  0 .  1 0 0 0 1 0 6 E  0 1  
0 . 4 0  O o  1 0 0 1 4 2 4 E  0 1  
0 . 6 0  0 .  1 0 0 6 6 3 8 E  0 1  
0 . 8 0  0 .  1 0 1 8 8 8 3 E  0 1  
1 . 0 0  0 .  1 0 4 0 4 3 1 E  0 1  
2 . 0 0  0 .  1 2 2 1 8 3 8 E  0 1  
3 . 0 0  0 .  1 0 6 3 2 2 3 E  0 1  
4 . 0 0  0 .  4 5 4 8 7 5 1 E  0 0  
5 . 0 0  —  0 .  3 8 4 6 0 0 1 E - 0 1  
6 . 0 0  —  0 .  1 5 9 7 6 2 1 E  0 0  
7 . 0 0  —  0 .  8 5 0 0 8 9 2 E - 0 1  
8 . 0 0  —  0 .  8 7 5 7 2 9 7 E - 0 2  
9 . 0 0  0 .  1 6 4 1 5 4 O E - O l  
1 0 . 0 0  0 .  1 2 6 1 6 2 9 E - 0 1  
IM(Z/ZO)  
0 .2074387E-02  
0 .62523865-02  
0 .  1740630E-01  
0 .2694996E-01  
C.3265134E-01  
0 .1584944E 00  
0 .6eS3890E 00  
0 .9262246E CO 
•0 .6785219E 00  
0 .3279963E 00  
0 .1377000E 00  
•0 .9050715E-01  
-0 .9111565E-01  
•o .e9iaei6E-oi  
MAG(Z/ZC} ARG(Z/ZC)  
0 .  1000108E 01  0 .  i i8e40eE 00  
0 .  t001457E 01  0 .4721438E 00  
0 .  1006787E CI  0 .9906327E 00  
0 .  1019238E 01  0 .1515148E 01  
0 .  1040943E 01  0  .1797495E 01  
0 .  1232075E 01  -0 .7391019E 01  
0 .  1267162E 01  -0 .3295918E 02  
0 .  1031893E 01  -0 .6384401E 02  
0 .  67961lOE 00  -0 .9324420E 02  
0 .  3648362E 00  -0 .1159701E 03  
0 .  1618265E OC -0 .1216691E 03  
0 .  S0929B1E -01  -0 .9552669E 02  
0 .  9258252E -01  -0 .7978709E 02  
0 .  9007609E -CI  -0 .e i94849E 02  
Table B1 (Continued) 
B D =  8 . 0  M = 2  K 2 =  0  . 0  
B  R E A L ( Z / Z O )  I M ( Z / Z O )  
0 . 2 0  0 .  1 0 0 0 0 3 S E  0 1  0 . 5 6 3 6 6 9 9 E -0 3  
0 . 4 0  0 .  1 0 0 0 3 8 0 E  0 1  0 o 2 3 5 3 8 4 3 E - 0 2  
0 . 6 0  0 .  1 0 0 1 8 6  7 E  0 1  0 . S 0 9 8 4 0 3 E -0 2  
0 . 8 0  0 .  1 O O 5 5 0 7 E  0 1  0 . 8 2 9 2 7 9 4 2 -0 2  
1  . 0 0  0 .  1 0 1 2 6 6 5 E  0 1  O o  1 0 9 4 3 5 5 E - 0 1  
2 . 0 0  0 .  1 1 1 3 3 5 4 E  0 1  - O o 4 6 3 7 3 6 7 E -0 1  
3 . 0 0  0 .  1 1 8 6 8 2 3 E  0 1  - O o 3 5 2 4 7 7 5 E  0 0  
4 . 0 0  0 .  9 5 0 7 6 9 1 E  0 0  - 0 . 7 7 9 0 7 4 5 E  0 0  
5 . 0 0  0 .  4 3 5 3 6 7 6 E  0 0  - 0 . 9 6 7 9 2 3 6 E  0 0  
6 . 0 0  —  0 .  3 7 7 4 7 5 8 E - 0 1  - 0 . 6 0 2 7 5 2 4 E  0 0  
7 . 0 0  —  0 .  2 5 2 8 9 2 0 E  0 0  - 0 . 4 7 4 9 2 8 9 E  0 0  
8 . 0 0  — 0 .  2 4 3 4 8 7 3 E  0 0  - 0 . 2 0 4 2 5 5 0 E  0 0  
9 . 0 0  —  0 .  1 4 6 0 9 9 3 E  0 0  - 0 . 6 6 6 9 9 2 7 E - 0 1  
1  0 . 0 0  —  0 .  6 4 5 5 9 1 6 E - 0 1  - 0 . 2 6 9 0 9 7 7 E - 0 1  
H A G ( Z / Z O }  
O e 1 0 0 0 0 3 5 E  
0 . 1 0 0 0 3 8 1 E  
0 . 1 0 0 1 8 8 0 E  
0 «  1 0 0 5 6 2 0 E  
0 . 1 0 1 2 7 2 4 E  
0 .  1 1  1 4 3 1 9 E  
0 . 1 2 3 8 0 5 8 E  
0 . 1 2 2 9 1 9 5 E  
C . 1 0 6 1 3 3 0 E  
0 . 8 0 3 6 3 9 4 E  
0 . 5 3 8 0 6 2 9 E  
O . 3 1 7 0 1 4 6 E  
0 . 1 6 2 4 2 5 9 E  
0 . 6 9 9 4 2 9 5 E  
A R G ( Z / Z O )  
0 1  0 . 3 2 2 9 4 7 S E - 0 1  
0 1  0 . 1 3 4 8 1 3 8 E  0 0  
0 1  0 . 2 9 1 5 6 9 8 E  0 0  
0 1  0 . 4 7 2 4 9 1 3 E  0 0  
0 1  0 . 6 1 9 1 5 3 0 E  0 0  
0 1  - 0 . 2 3 8 5 1 1 8 E  0 1  
0 1  - 0 . 1 6 5 4 1 0 2 E  0 8  
0 1  - 0 . 3 9 3 3 1 7 0 E  O S  
0 1  - 0 . 6 5 7 8 1 9 2 E  0 2  
0 0  - 0 . 9 2 6 9 2 2 6 E  0 2  
0 0  - 0 . 1 1 8 0 3 4 6 E  0 3  
0 0  - 0 . 1 4 0 0 0 7 6 E  0 3  
0 0  - 0 .  1 5 5 7 5 4 7 E  0 3  
0 1  - 0 .  1 5 7 3 7 2 5 E  0 3  
Table Bl (Continued) 
H O  = 1 e  . c  M  =  2  K 2 =  0  
.  0  
H  R E A L ( Z / Z O )  I N ( Z / Z U )  
0  . 2  0  C .  1  0 0 0 0 2  O E  0  1  0  . 1 2 1 5 3 0 1 E  - 0 3  
C  . 4 0  0 .  1 0 0 0 1 0 2 E  0  1  0  . 6 0 9 0 4 7 7 E  - 0 3  
C  . 6 0  0 .  I 0 0 0 4 8 4 E  0  1  0  .  1  3 4 6 8 2 7 E  - 0 2  
0  . 8 0  0 .  I  0 0 1 4 6  4 E  0  1  0  . 2 2 6 6 9 4 3 E  - 0 2  
1 . 0 0  0 .  1 0 0 3 5 3 2 E  0  1  0  .  3 1  8 6 9 6 0 E  
- 0 2  
2  . 0 0  0 .  1 0 4  1 y e s E  0  1  - 0  .  7 7 5 2 0 0  I E  
- 0 2  
3  . 0 0  0 .  1  1  2 4 ' 3  7 0 E  0 1  - c  .  1  C 7 3 4 0 2 E  C O  
6  . 0 0  0 .  1  1 6 2  0 3 0 5  0  1  - 0  . 3 5 1 0 4 1 7 E  0 0  
5  . 0 0  c .  1 0 3 0 6 8 4 E  0  1 -  0  . 6 7 4 8 6 0 5 E  0 0  
6  . 0 0  0 .  7 0 4 5 0 8 1 E  0 0  - c  . 9 2 2 4 6 9 7 E  C O  
7  . 0 0  0 .  2 Ô 9 6 2 1 2 E  0 0  
-  0  . 9 7 1 4 3 1 2 2  0 0  
8  . 0 0  
- 0 .  6 1 4 4 6 7 S E - 0 1  - 0  . 8 2 1 3 4 2 5 5  0 0  
9  . 0 0  - 0 .  2 5 7 5 6 7 5 E  0 0  - 0  . 5 7 0 3 9 9 1 E  C O  
1 0  . 0 0  -  0 .  3 0 2 7 4 3 3 E  0 0  - 0  . 3 2 9 0 6 6 6 E  0 0  
M A G { Z / Z O )  
0 .  1 0 0 0 0 2 0 E  0  1  
C .  1  O O C 1 0 2 E  C I  
c .  1 0 0 0 4 8 4 E  0  1  
C .  1 0 0 1 4 6 e E  0  1  
C .  1 0 0 3 5 3 7 E  0  1  
0 .  1  0  4 2  0  1  7 E  0 1  
0 .  1  1  2 9 9 8 0 E  0 1  
0 .  1 2 1 3 8 9 6 E  0  1  
0 .  1 2 3 1 9 6 8 E  0 1  
0 .  1 1 6 C 7 2 5 E  0 1  
0  .  1 0 1 3 6 8 5 E  C I  
0 .  8 2 3 6 3 7 7 E  cc  
0 .  6 2 5 8 5 6 3 E  O C  
0 .  4 4 7 1  4 4 6 E  0 0  
A R G ( Z / Z O )  
0  .  6 9 6 3 0 2 2 E - 0 2  
0  , 3 4 8 9 2 2 e E - 0 1  
0 . 7 7 1 3 0 0 8 E - 0 1  
0 . 1 2 9 6 9 6 2 E  C O  
0 .  1 8 1 S 5 5 S E  C C  
- 0 . 4 2 6 2 5 C S E  C O  
- 0 . 5 4 5 0 9 1 3 E  0 1  
- 0  .  1 6 8 0 9 2 C E  0 2  
- 0 . 3 3 2 1 5 5 3 E  C 2  
- C . 5 2 6 3 C 2 g E  C 2  
- 0 . 7 3 3 9 6 6 2 5  0 2  
- 0 . 9 4 2 7 8 5 0 E  0 2  
- 0 . 1 1 4 3 0 1 9 E  C 3  
- 0 . 1 3 2 6 1 4 3 E  0 3  
Table Bl (Continued) 
00= 2.0 
D 
C . 2 C  
0 . 4 C  
0 . 6 C  
0.80 
1  . 0 0  
2.00 
3 . 0 0  
4 . 0 0  
5 . 0 0  
6.00 
7 . 0 0  
8.00 
9 . O C  
1 0 . 0 0  
M = 2  K 2 =  0 . 1 0  
R E A L { Z / 2 0 )  
C .  1  0 0 0 5 7 5 E  0 1  
0 . 1 0 0 6 4 6 9 E  0 1  
0 .  1 0 2 5 1 8 5 E  0 1  
0. 106121 ce 01 
0 .  1 1 1 3 1  3 5 E  0 1  
0 . 1 2 9 1 7 3 4 E  0 1  
0 . a 5 2 9 2 6 6 E  0 0  
0 . 2 7 5 2 3 3 7 E  0 0  
0 . 4 6 e 7 7 7 9 E - 0 2  
0 .4113751E-01  
0 . 2 1 6 7 6 2 8 E - 0 1  
0 . 3 8 6 4 7 3 4 E - 0 2  
0 . 1 8 8 7 9 6 9 E - 0 2  
0 ,15304865-02  
I K Z / Z O )  
C.7013749E-02 
C . 2 6 C 6 6 2 9 E - 0 I  
0 . 5 0 3 6 5 1 9 E - 0 1  
0 . 6 Ç 2 0 9 9 9 E - 0 1  
0 . 7 0 8 9 C 4 3 E - 0 I  
- 0 . 3 2 1 7 5 9 5 E  0 0  
- 0 . e 0 5 6 7 7 7 E  0 0  
- 0 . 7 6 8 8 3 9 2 E  0 0  
- 0 . 4 9 5 5 1 4 9 E  0 0  
- C . 2 8 5 2 7 6 4 E  0 0  
- 0 .  1 7 9 2 6 1  B E  0 0  
- 0 . 1 3 2 3 2 2 3 E  C O  
-0. 107823CE CO 
-C.8S88601E-01  
M A G ( Z / Z G )  A R G ( Z / Z Q )  
0 .  1 0 0 C 5 9 9 E  0  1  0  . 4 0 1 6 2 0 4 E  0 0  
0 .  1  0 0 6 8 C 5 E  0 1  0 . 1 4 8 3 5 5 e E  0 1  
0 .  1 0 2 6 4 2  I E  0  1  0  •  2 8 1 2 5 6  I E  0 1  
0 .  1 0 6 3 4 7 0 E  C  1  0 . 3 7 3 1 4 C 3 E  0 1  
0 .  1 1 1 5 3 9 0 E  0 1  0 . 3 6 4 3 9 g O E  C I  
0 .  1  3 3 1  2 0 4 E  C I  
- 0  .  1 3 9 e 7 2 2 E  C 2  
0 .  1 1 7 3 2 8 5 E  0 1  
- 0  .  4 3 3 6 8 2 4 6  C 2  
0 .  6 1 6 6 1 Ç 4 E  0 0  - 0 . 7 0 3 0 3 2 e E  0 2  
0 .  4 9 5 5 3 7 0 e  0 0  
- 0  . 8 9 4 5 7 Ç 3 E  0 2  
0 .  2 8 8 2 2  7 C E  C O  
- 0 . 9 8 2 0 5 e 4 E  0 2  
0 .  1 8 0 5 6 7 6 E  0 0  
- 0  .  9 6 8 9 4  7 4 E  0 2  
0 .  1 3 2 3 7 8 7 E  cc  
- 0 . 9 1 6 7 2 9 9 E  0 2  
0  .  1 0 7 8 3 9 5 E  c  c  
- 0 . 889966  I E  C 2  
0 .  8 9 8 9 9 0 0 E  
- 0 1  - 0  . e 9 0 2 4 4 6 E  C 2  
Table Bl (Continued) 
bd= 4 « 0 
o 
0.20 
C  . 4 0  
0 , 6 C  
o . e c  
1  . 0 0  
2 . C C  
3 . 0 C  
4  .  O C  
5 . 0 0  
6.00 
7 , 0 0  
e . c c  
9 . 0 0  
10.00 
M = 2  K 2 =  0 . 1 0  
H E A L ( Z / Z O )  
0 .  1  0 0 0  J 0 < 3 E  0 1  
0 . 1 0 0 3 1 4 C E  0 1  
0 .  1 0 1 2 1 3  I E  0 1  
0 . 1 0 3 0 4 7 8 5  0 1  
0 .  1 0 5 9 6 4  C E  C l  
C .  1 2 5 6 2 4 5 E  0 1  
0 . 1 C 4 7 5 3 2 E  0 1  
0 . 4 1 2 4 2 3 5 E  0 0  
0 . 5 7 1 8 7 7 3 e - 0 1  
0 . 1 5 0 0 4 7 4 E  0 0  
0 . 6 7 7 4 6 4 C E - C 1  
0 .  1  7 < 5 9 0 c 7 E - 0 2  
0 . 1 8 6 0 5 8 8 E - 0 1  
0 .  1 0 6 9 0 1  l E - 0  1  
I K ( Z / Z O )  
C . 3 6 9 6 7 6 2 E - 0 2  
0 .  1 3 8 3 0 1  O E - C l  
0 . 2 7 5 2 1 5 8 5 - 0 1  
C . 4 0 3 4 4 2 7 F - C 1  
C . 4 6 6 2 7 0 0 5 - 0 1  
- 0 . 1 8 3 2 5 3 3 5  0 0  
- 0 . 7  3 2 2 8 3 7 5  0 0  
- 0 . 9 2 7 6 3 3 3 5  C O  
- C . 6 4 8 6 6 3 1 E  0 0  
- C . 3 0 3 4 5 2 7 E  C O  
- 0 . 1 3 1 7 6 4 1 E  0 0  
- C . 9 6 0 1 4 2 6 E - 0 1  
- 0 . 9 8 1 4 1 3 7 E - C I  
- C . 9 3 1 7 6 9 0 E - 0 1  
M A G ( Z / Z C )  A R G ( Z / Z O )  
C  1 0 0 C 3  1 f t E  C  I  0  . 2 1 1 7 4 2 5 E  0 0  
0  l Q 0 3 2 3 e E  C I  0  . 7 8 9 8 7 5 2 5  0 0  
C  1 0 1 2 5 0 5 5  0 1  0  . 1 5 5 7 5 8 7 5  C  1  
0  1 0 3 1 2 6 6 5  0 1  0  . 2 2 4 2 0 4 3 5  0 1  
0  1  0 6 0 6 6 5 5  0  1  0  . 2 5  1 9 5 4 2 5  C I  
0  1 2 6 9 5 4 0 5  0 1  - 0  . 8 2 9 9 4 2 0 5  0 1  
0  1 2 7 8 1 0 9 E  C I  - c  . 3 4 9 5 5 7 0 5  0 2  
C  1 0 1 5 1 8 3 5  C  1  - 0  . 6 6 0 3 0 1 7 5  C 2  
0  6 5 1 1 7 9 1 5  0 0  
- 0  . 9 5 0 3 8 3 6 E  0 2  
0  3 3 8 5 2 2 8 5  C C  
- 0  . 1 1 6 3 1 0 9 5  0 3  
0  1  4 8 1  5 9 9 5  0 0  
- 0  . 1 1 7 2 1 C 0 5  0 3  
c  9 6 0 3 1 0 7 5 - 0 1  - 0  . 8 8 9 2 6 4 8 5  C 2  
0  9 9 8 8 9 4 6 E - C  I  - 0  .  7 9 2 6 5 C 5 E  C 2  
0  9 3 7 8 8 1 5 E ~  0 1  - 0  .  8 3 4 5 5 0 6 5  0 2  
Table B1 (Continued) 
b D =  e  . 0  M = 2  K 2 =  0 , 1 0  
B  N E A L ( Z / Z O )  
0 , 2 0  C , 1 0 0 0 2 0 7 E  
0.4 0 C ,  1  00 1  828E 
C.60 0.I006684E 
0 . 8 0  0 . 1 0  1 6 4 3 4 E  
1 . 0 0  0 . l C 3 2 2 5 e E  
2 , 0 0  0 ,  1  1  8 5 2 1  B E  
3 . 0 C  0 , 1 2 2 6 8 1 7 6  
4, 0 0  0 ,  8 7 7 6 y ! 5 4 E  
5. 0 0  0 . 2 9 4 1 7 3 0 E  
6 , 0 0  - 0 , 1 4 8 8 9 7 6 2  
7 , 0 0  - 0 . 2 8 7 3 7 7 S E  
8 , 0 0  - 0 , 2 1 7 6 4 8 6 e  
9 , 0 0  - 0 ,  9 9 0 3 4 0  l E -
1 0 , 0 0  - 0 . i a e 8 2 6 9 E -
I M ( Z / Z O )  
C . 2 3 5 3 9 5 9 E - C 2  
0 , £ 7 9 1 9 2 7 6 - 0 2  
0. 1771 548E-01 
0.2709389E-01 
0,3440316E-01 
-  0 . 5 4 7 6 2 4 2 2 - 0 1  
- 0 , 4 5 0 6 0 7 8 E  0 0  
- 0 , 6 8 9 1 2 6 7 2  0 0  
- C , 9 6 7 9 2 2 C E  O C  
- 0 , 7 2 6 4 8 5 0 2  0 0  
- 0 , 3 6 5 7 4 8 6 E  0 0  
- 0 , 1 1 8 3 3 6 3 E  C O  
-  0 .  2 1  9 3 5 1  6 E - 0 1  
- 0 , 1 5 0 5 3 6 3 E - 0 1  
0 1 
0 1  
0 1 
0 1  
0 1  








0 1  
M A G  ( Z / Z C )  A R G ( Z / Z C )  
C ,  1  0 0 0 2 0 9 E  0 1  0  ,  1 3 4 8 4 3 7 2  C O  
0 ,  1 0 0 1 8 6 6 2  0 1  0  , 5 0 2 8 0 8 2 2  o n  
0 ,  1 0 0 6 8 4 0 F  0 1  0  ,  1 0 0 8 1  7 9 E  0 1  
0  ,  1 0  1 6 7 9 4 E  0 1  0  , 1 5 2 6 9 0 4 2  0 1  
0 ,  1 0 3 2 8 3 1 2  0 1  0  , 1 9 0 8 8 5 1 2  0 1  
0 .  1 1  8 6 4 8 2 2  0 1  - 0  . 2 6 4 5 4 4 2 E  0 1  
0 ,  1 3 0 6 9 5 3 2  0 1  - 0  . 2 0 1 6 8  1 2 2  0 2  
0 ,  1 2 4 9 3 5 8 2  0  1  - 0  . 4 5 3 7 C 6 5 E  0 2  
0 ,  1 0 3 0 7 8 9 2  0 1  - 0  , 7 3 4 1 8 0  1 2  C 2  
0 .  7 4 1 5 8 6 7 2  0 0  
- 0  .  1 0  1  5 8 2 8 2  0 3  
0 ,  4 6 5 1  4 2 8 2  0 0  - 0  . 1 2 8 1 5 7 6 2  0 3  
0 ,  2 4 7 7 3 8 6 2  C O  
- 0  .  1 5 1 4 6 6 9 2  0 3  
0 ,  1 0  1 4 3 4  I E  0 0  - 0  .  1 6 7 5 1  1  I F  0 3  
0 ,  2 3 9 9 2 8 0 2  
- 0 1  - 0  , 1 4 1 1 3 9 8 2  0 3  
Table B1 (Continued) 
UD=16.0 ^^=2 K2= 0,10 
t) WEAL(Z/ZO) iy(Z/ZO) 
c .20 0. 1000 172E 01 0. 1963 951E-02 
0 .40 0. 1001329E 01 0. 72S2e51E-02 
c .60 0. 1C04573E 01 0. 1499560E-0 1 





0. 1 020904E 01 0. 3 192 5 4 e E - CI 
2 .00 0. 1 129267E 01 0. 1544541E-01 
3 .CO 0. 1249694E 0 1 -0. 192772eE 00 





0. 8812745E 00 — 0 . 9176082E 00 





 - 0 .  4351450E-01 - c .  Ç C Q 4 0 9 8 E  00 
8 .  o c  
-0. 3046322E 00 — 0 . 6119468E 00 
9  O 
O





 - 0. 2 849104E 00 -0. 9513885E-01 
MAG(Z/ZC) ARG(Z/ZO) 
0 .  1000174E 01 0  .U250 66E 00 
c  #  1001356E C 1 0 .42072C2E 00 
0. 1 004684E 0  1 0 .  e 5 5 2 0 S e E  CO 
0. 1011147E 01 0 .1340439E 01 
0. 1021402E 01 c  . 179 11E7E C 1 
0 .  1 1 29372E 01 0 .7836071E CO 
0 .  12e4474E C 1 -0 .e7690SeE 01 
0. 1 325265E CI - 0  .2540013E C2 
0 .  1272319E 01 - 0  .4615956E C2 
0. 1 1 20858E 01 - 0  .69022e3E 02 
c .  91C4502E 00 -0 . 9273953E C2 
0. 683578CE CO -0 • I l64e46E CI 
0. 4736651E  00 - 0  . 1395639E 0 3 
C  e 30C3752E CO - 0  • 161 5345E 03 
•- C 1-3 
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Table B1 (Continued) 
0d= 4 .g ^/=2 k2= 3.00 
0  R E A L ( Z / Z O )  i y ( z / z o )  
0  , 2 0  0 ,  1 0 1 3 2 6 9 E  0 1  0 . 3 5 8 1 6 7 9 E -
0  , 4 0  0 ,  1 0 6 7 7 7 5 E  0 1  0 »  e 3 3 9 6 9 1 E -
0  . 6 0  0 .  1  1 4 6 7 7 2 E  0 1  0 . 9 3 3 0 4 7 5 E -
0  .  a c  0 .  1 2 2 1 9 1 0 E  0 1  0 . 5 5 4 7 4 0 0 E -
1  . 0 0  0 .  1 2 7 2 9 7 4 E  0 1  - 0 . 2 0 1 4 9 3 8 5 -
2  . 0 0  0 .  I  0 9 8 1 9 0 E  0 1  - 0 . 4 8 0 0 3 6 3 E  
3  . 0 0  0 .  6 7 6 3 0 8 8 6  0 0  
- 0 . 6 4 8 2 2 0 4 E  
4  . 0 0  0 .  3 2 7 8 9 4 C E  0 0  
- 0 . 6 1  1 1  6 8 2 E  
5  . 0 0  0 .  1 0 0 0 1 3 2 E  0 0  
- 0 . 4 7 5 6 1 9 4 E  
6  . 0 0  -  0 ,  3 9 8 1 2 3 6 6 - 0 2  - C , 3 2 0 4 5 8 4 E  
7  . 0 0  
—  0  .  2 4 1 6 3 S 2 E -0  I  
- 0 . 2 0 4 2 7 0 1 E  
fl . 0 0  
- 0 .  1 3 6 0 4 3 0 e -0  1  
- 0 . 1 3 8 9 0 3 4 E  
9  . 0 0  ~  0 .  3 1 4 1 6 5 8 5 - 0 2  - 0 . 1 0 6 4 3 1 4 E  
I  0  , 0 0  0 .  6 1 6 9 1 3 0 E -0 3  
- 0 . 8 7 9 1 6 0 2 E -
01 
01 
0 1  
0 1 









0 1  
M A G ( Z / 2 C )  A R G ( Z / Z O )  
0 .  1 0 1 3 9 0 2 E  0  1  0  •  2 0 2 4 4 3 3 E  C I  
0 .  1 0 7 1  0 2 6 E  0 1  0  . 4 4 6 5 9 2 9 E  0 1  
0 .  1 1 5 0 5 6 1 E  0 1  0  .  4 6 5 1 5 C 2 E  0 1  
0 .  1 2 2 3 1 6 7 E  C  1  0  . 2 5 9 9 4  I C E  C  1  
0 .  1 2 7 3 1 3 3 E  0 1  - 0  . 9 0 6 8 3 5 2 E  C O  
0 .  1 1 9 8 S 2 3 E  C I  - 0  . 2 3 6 1 0 e 9 E  C 2  
0 .  9 3 6 7 9 4  I E  C O  - 0  . 4 3 7 8 5 1 4 E  C 2  
0 .  6 9 3 5 7 1 2 E  0 0  - 0  . 6 1 7 8 6 2 1 E  0 2  
0 .  4 0 6 0 2 1 O E  0 0  - 0  ,  7 8 1 2 4 7 9 E  C 2  
0 ,  3 2 0 4 8 2 9 E  C O  
- 0  . 9 0 7 1 1 e 4 E  0 2  
0 .  2 0 5 6 9 4 3 E  0 0  - 0  . 9 6 7 4 6 4 4 E  C 2  
0 .  1 3 9 5 6 8 C E  C O  
- 0  . 9 5 5 9 3  7 6 5  C 2  
0 ,  1 0 6 4 7 7 7 E  0 0  - 0  . 9 1 6 9 0 9 0 E  0 2  
0 ,  e 7 9 1 8 1 6 E - 0 1  - 0  . 8 9 5 9 7 9 2 2  C 2  
Table B1 (Continued) 
B 0 =  e . C  M = 2  K 2 =  3 . 0 0  
B  R E A L ( Z / Z O )  
0 . 2 0  0 . 1 0  1 4 4 3 2 E  0 1  
0 . 4 0  0 .  1 0 7 6 2 4 8 5  0 1  
C . 6 C  0 . 1 1 6 6 5 5 3 E  0 1  
0 . 8 0  0 . 1 2 4 8 2 6 9 5  0 1  
1 . 0 0  0 . 1 2 9 2 7 6 8 E  0 1  
2 . 0 0  0 . 9 1 1 2 7 8 5 2  0 0  
3 . 0 0  0 . 4 2 1 6 3 1 7 E  0 0  
4 . 0 0  0 . 2 1 7 8 9 9 Ç E  0 0  
5 . 0 0  0 . 1 3 2 3 7 8 6 E  0 0  
6 . 0 0  0 . 8 1 3 9 6 5 8 6 - 0 1  
7 . 0 0  0 . 4 5 6 6 9 1 5 E - 0 1  
8 . 0 0  0 . 2 2 4 3 9 6  l E - 0 1  
9 . 0 0  0 . 9 6 8 6 2 4 7 E - 0 2  
1 0 . 0 0  0 . 4 1 8 2 9 2 4 E - 0 2  
I M <  Z / Z O )  
0 . 2 8 0 7 3 9 7 E - 0 1  
C . 8 6 0 2 1 3 0 5 - 0 1  
0 . 8 4 7 8 2 4 2 5 - 0 1  
0 . 2 1 4 4 1 4 6 E - 0 1  
0 . 6 9 2 7 113E - 0 1  
C . 6 0 3 9 4 5 3 E  0 0  
0 . 5 6 3 9 1 3 8 6 :  C O  
0 . 4 0 7 4 8 5 4 E  C O  
0 . 3 0 6 9 C 5 2 E  C O  
0 . 2 4 3 1 3 7 2 E  0 0  
0.1953549E 0 0  
0. l554ia6E 00 
0 . 1 2 2 4 6 1 3 E  0 0  
0 . 9 7 3 9 4 5 3 E - 0 1  
M A G ( Z / Z O )  A R G ( Z / Z C )  
0  .  1 0 1 5 1 4 6 E  0 1  0  . 2 1 4 9 4 3 3 E  0 1  
0  .  1  C 7 9 6 8 C E  0 1  0  . 4 5 6 9 7 6  I E  0 1  
0  .  1  1 6 9 6 3 0 E  0  1  0  . 4 1 5 6 8 1 5 E  C I  
0  .  1 2 4 8 4 5 2 E  0 1  0  . Ç 8 4 0 7 C 7 E  0 0  
0  .  1 2 Ç 5 8 4 7 E  0 1  
- 0  .  3 9 5 0 2 3 9 E  C I  
0  .  1 0 9 3 2 4 2 E  C I  - 0  . 3 3 5 3 4 2 3 E  C 2  
0  . 7 0 4 1  1  0 7 E  0 0  - 0  . 5 3 2 1 4 9 5 E  0 2  
0  . 4 6 2 0 8 7 3 E  C O  
- 0  . 6 1 8 6 4 6 2 5  C 2  
0  . 3 3 4 2 3  7 7 E  0 0  - 0  . 6 6 6 6 7 7 7 E  0 2  
0  . 2 5 6 4 0 0 2 C  C C  
- 0  . 7 1 4 9 0 6 5 E  0 2  
0  . 2 0 0 6 6 7 6 E  C O  - 0  .  7 6 7 8 6 2 9 E  C 2  
0  •  1 5 7 0 3 0 2 E  0 0  - 0  . 8 1 7 8 4 2 4 E  0 2  
0  .  1 2 2 8 4 3 7 5  C O  
- 0  . e 5 4 7 7 4 6 E  C 2  
0  . 9 7 4 8 4 2 9 E  
- 0 1  - 0  . 8 7 5 4 0 7 3 5  0 2  
Table B1 (Continued) 
BD=l f;,C M=2 K2= 3.00 
H N E A L ( Z / Z O )  I V( Z / Z O )  
0 . 2 C  0 .  1 0 1 5 0 6 5 E  0 1  0 . 3 8 5 5 4 2 4 E  





0 .  1 0 8 0 8 4 4 E  0 1  0 . e 4 4 2 0 0 3 E  
- 0 1  
0 . 6 C  0 .  1  1 7 7 1 0 9 E  0  1  0 . 7 2 9 9 0 8 9 E  
- 0 1  
0  . O C  0 .  1261096E 0 1  
- C .  1 0 2 6 1 6 2 E  
- 0 1  
1  . 0 0  0 .  1 2 9 8 4 4 1 E  0 1  
- C .  1 4 7 3 3 2  7 E  0 0  
2 . 0 0  0 .  7 5 9 2 1 3 7 E  0 0  
- 0 . 7 0 0 0 4 9 9 E  0 0  
3 . 0 0  0 .  2 2 5 4 7 5 C E  0 0  





0. 1 0 4 9 3 8 S E  0 0  
- 0 . 2 9 3 3 2 1 4 E  0 0  
5 .  o c  G. 8 5 3 3 0 8 4 e - 0 1  - C . 1 9 9 7 2 3 5 E  0 0  
6 . 0 0  0 .  6 8 9 6 8 1 4 E - 0 1  ~ C o  1 5 7 0 4 5 5 E  C O  
7.OC 0 .  5284474E-0 1  
- 0.1295165E 0 0  
8.00 0. 3960038E-0 1  -Ou 1079572E 00 
9.00 0 .  3 0 4 7 9 5 2 E - 0 1  
- C o 9 0 4 3 3 6 Û E  - 0 1  
1 0 . 0 0  G .  2 4 7 2 0 8 0 E - 0 1  
- 0 . 7 7 1 0 7 4 9 5  - 0 1  
M A G ( Z / Z C )  A R G ( Z / Z C )  
0 .  1 0 1 5 7 9 7 E  0  1  0  . 2 1 7 5 1 6 4 E  0 1  
0 .  1 0 8 4 1 3 5 E  C l  0  . 4 4 6 6 0 5 5 E  0 1  
0 .  1  1 7 9 3 6 9 E  C l  0  . 2 5 4 8 2 2 9 2  C l  
0 .  1 2 6 1  1 3 7 E  0 1  - 0  . 4 6 7 1 1 7 7 E  0 0  
0 .  1 3 0 6 7 7 3 E  C l  - 0  . 6 4 7 3 5 9 8 E  C l  
0 .  1 0  3 2  7 0 2 E  C l  - 0  .  4 2 6 7 8 2 8 5  0 2  
0 .  5 6 3 6 9 5 6 E  C O  
- 0  . 6 6 4 3 1 0 2 E  C 2  
0 .  3 1  1 5 2 7 7 E  C C  
- 0  . 7 0 3  1 4 7  l E  C 2  
0 .  2 1  7 1  8 8 5 E  0 0  - C  . 6 6 8 6 5 6 3 E  0 2  
G .  1  7 1 5 3 C 4 E  0 0  
- 0  , 6 6 2 6 4 6 6 5  C 2  
0 .  1 3 9 8 8 2 4 E  C O  
- 0  . 6 7 8 C 3  7  l E  C 2  
0 .  1 1 4 9 9 1  1  E  0 0  
- 0  . 6 9 8 5 6 1 l E  0 2  
0 .  9 5 4 3 1 e O E  - C l  - 0  . 7 1 3 7 4 2 1 E  0 2  
0 .  0 O 9 7 5 7 7 E  
- C l  - 0  . 7 2 2 1 8 5 0 E  C 2  
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Table B1 (Continued) 
a D =  4 . 0  M = 2  K 2 = 1 0 . 0 0  
H  R E A L ( Z / Z O )  I M ( Z / Z O )  
0  . 2 0  0 .  1 0 5 1 2 7 7 E  0 1  C . 7 6 5 4 9 9 5 E -0 1  
c  •  4 0  0 .  1 1 7 8 5 6 5 E  0  1  C  .  9 5 2 0 e 7 C E - C I  
0  . 6 0  0 .  1 2 6 5 0 5 0 E  0 1  0 , 1 1 2 7 6 9 2 E -0  1  
0  . 8 0  0 .  1 2 7 3 S 9 2 E  0 1  
- 0 . 1 0 6 9 2 1 5 E  0 0  
1  . 0 0  0 .  1 2 2 6 7 7 0 E  0 1  
- C . 2 1 0 6 9 8 1 E  0 0  
2  . 0 0  0 .  8 8 2 8 1 6 8 E  0 0  - 0 . 4 0 9 3 6 2 4 E  0 0  
3  . 0 0  0 .  6 3 5 3 2 5 6 E  0 0  - 0 . 4 e S 8 7 7 7 E  0 0  
4  . 0 0  0 .  3 8 7 2 4 2  J E  0 0  - 0 . 5 2 5 7 S 5 6 E  C O  
5  . O C  0 .  1 6 1 2 3 4 C E  0 0  - 0  . 4 6 8 6 0 9 9 E  0 0  
6  . 0 0  0 .  2 0 9 4 0 3 9 E - 0 1  - C . 3 4 3 4 5 5 1 E  C O  
7  . 0 0  - 0 .  2 4 7 7 7 0 2 E -0  1  - 0 . 2 2 1 6 0 8 7 E  C O  
0  . 0 0  - 0 .  1 9 9 8 1 6 5 E -0 1  - 0 . 1 4 4 1 4 5 3 E  0 0  
9  . o c  
- 0 .  6 7 5 7 8 6 3 E -0 2  
- 0 . 1 0 5 9 2 6 7 E  0 0  
I  0  . 0 0  —  0 .  2 5 3 1 7 6 1 E -0 3  - 0 . 6 6 7 1 9 4 5 6 - 0  1  
M A G ( Z / Z O )  A R G ( Z / Z C )  
0 .  1 0 5 4 0 6 0 E  0 1  0  . 4 1 6 4 7 0 3 5  0 1  
0. 1  1  82405E 0 1  0 . 4 6 1 e 5 2 6 E  C I  
0 .  1 2 6 5 1 O O E  0 1  0 . 5 1 0 7 3 2 7 E  C O  
0 .  1 2 7 8 4 7 C E  0 1  - 0  . 4 7 9 7 3 8 0 E  0 1  
0. 124A732E C I  
-0.Ç745477E C I  
c .  9 7 3 1 1 O O E  C O  
- 0  . 2 4 8 7 7 1 7 E  0 2  
0 .  e 0 2 2 5 8 5 E  C O  - 0  . 3 7 6 3 4 5 7 E  C 2  
0 .  6 5 3 0 0 6 4 E  0 0  - 0 . 5 3 6 2 8 7 8 E  C 2  
0 .  4 9 5 5 7 2 C E  0 0  - 0 . 7 1 0 1 3 2 0 E  0 2  
0 .  3 4 4 0 9 2 7 E  0 0  - 0  . 8 6 5 1 0 g 4 E  0 2  
0 .  2 2 2 9 8 9 5 E  c c  
- C . Ç 6 3 7 9 5 3 E  0 2  
0 .  1 4 5 5 2 3 7 E  0 0  - 0 . 9 7 8 9 2 1 7 E  0 2  
0 .  1 0 6 1 4 2 C E  C O  
- 0 . 9 3 6 5 0 4  I E  0 2  
0. 6 6 7 1  9 8  I E  - C I  - C .  9 0  I 6 7 3 4 E  0 2  
Table Bl (Continued) 
B 0 =  e . o  
a  
C . 2 0  
C . 4 C  
0.60 
0  . B O  
1  . 0 0  
2.00 
3 . 0 0  
4 . 0 0  
5 . 0 0  
6.00 
7 . 0 0  
8.00 
9 . 0 0  
10 .00  
M=2 K2=10.00 
« E A L ( Z / Z O )  
0 .  1 0 5 9 9 3  I E  0 1  
0 . 1 2 1 3 1 1 3 E  0 1  
0.1292537E 0 1  
0 . 1 2 3 6 2 3 e E  0 1  
0 . 1 0 8 7 5 7 7 E  0 1  
0 . 4 8 0 8 2 7 8 2  0 0  
0 . 3 2 8 6 8 1 4 E  0 0  
C.2470734E 00 
0 . 1 8 5 0 8 0 6 E  0 0  
0 . 1 3 2 5 5 8 C E  0 0  
0 . 8 6 1 9 1 4 2 E - 0 1  
0 . 4 8 9 7 8 8 9 E - 0 1  
0 . 2 4 3 1 2 1 f i E - O l  
0 . 1 0 8 6 0 4 3 E - 0 1  
I M ( Z / Z O )  
0 . e i 3 0 3 3 0 E - 0 1  
0 . 6 8 2 6 1 5 6 E - 0 1  
- 0 . 9 6 3 1 2 1 l E - 0 1  
- C . 2 9 5 8 4 8 0 E  0 0  
- C . 4 4 C 2 6 3 C E  0 0  
- 0 . 4 0 2 7 4 9 9 E  0 0  
- 0 . 2 8 7 2 7 1 7 E  0 0  
- 0 . 2 4 5 1 0 7 2 E  0 0  
- 0 . 2 2 2 1 1 4 6 E  C O  
- 0 . 2 0 4 5 4 0 7 E  0 0  
- 0 . 1 8 4 6 4 8 5 6  0 0  
- 0 . 1 5 8 9 7 5 1 E  0 0  
- C . 1 3 0 7 5 1 4 E  C O  
- 0 . 1 0 S 3 4 6 5 E  0 0  
M A G ( Z / Z C )  A R G ( 2 / 2 C )  
0 .  1  0 6 3 0 4 5 E  0 1  0  .  4 3 8 6 3 5 3 E  C I  
0 .  1 2 1 5 0 3 2 E  0 1  0  . 3 2 2 0 6 2 2 E  0 1  
0 .  1 2 9 6 1 2 C E  C I  - 0  . 4 2 6 1 4 5 6 E  0 1  
0 .  1 2 7 1  1  4 5 E  C I  - 0  . 1 3 4 5 8 S 2 E  0 2  
0 .  1 1 7 3 3 0 9 E  0 1  - 0  . 2 2 0 3 8 6 4 Ë  0 2  
0 .  6 2 7 2 1 8 2 E  C O  - 0  . 3 9 9 5 0 1 3 E  0 2  
0 .  4 3 6 5 2 7 7 E  0 0  - 0  . 4 1 1 5 3 e 7 E  C 2  
0 .  3 4 8 0 2  7 C E  0 0  - 0  . 4 4 7 7 1 l O E  0 2  
0 .  2 8 9 1 1 8 9 E  C O  
- 0  .  5 0 1 9 6 6 7 6  0 2  
0 .  2 4 3 7 3 8 6 5  0 0  
- 0  . 5 7 0 5 3 6 3 5  0 2  
0 .  2 0 3 7 7 4 5 E  C O  
- 0  . 6 4 9 7 7 4 3 E  0 2  
0 .  1 6 6 3 4 9  I E  0 0  
- 0  . 7 2 8 7 6 3 0 E  C 2  
0 .  1 3 2 9 9 2 6 E  0 0  - 0  . 7 9 4 6 6 5 7 E  0 2  
0 .  1 0 5 9 0 4 e E  O C  
—  0  . 6 4 1 1 3 9 8 E  0 2  
Table Si (Continued) 
a c = l 6 . 0  
8 
0.20 
0 . 4 0  
0 . 6 0  
0 . 8 C  
1 . 0 0  
2 . 0 0  
3 . 0 0  
4 . 0 0  
5 . 0 0  
6 . 0 0  
7 . 0 0  
8 . 0 0  
9 . 0 0  
10 .00  
M = 2  K 2 = 1 0 « 0 0  
REAL ( Z / Z O )  
0 . 1 0 6 4 7 8 4 E  0 1  
0 . 1 2 3 1 0 0 S E  0 1  
0 . 1 2 9 5 5 0 3 E  0 1  
0 .  1  1  7 8 4 6 9 E  0 1  
0 . 9 4 4 4 9 5 S E  0 0  
0 . 2 1 5 7 2 C 2 E  0 0  
0 . 1 4 8 1 2 1  I E  0 0  
0 .  1 1 4 1 6 1 7 E  O C  
C . 9 5 0 3 7 2 8 E - 0 1  
0 . 8 2 1 2 7 8 7 E - 0 1  
0 . 6 9 4 9 4 8 4 E - 0 1  
0 . 5 7 3 5 2 7 2 E - 0 1  
C . 4 7 8 5 7 9 2 E - 0 1  
0 . 4 0 9 0 4 9 3 E - 0 1  
I 6/( Z/ZO) 
0 . 6 0 3 8 2 8 8 6 - 0 1  
0 . 3 7 5 9 9 1 O E - 0 1  
- 0 . 1 9 C 2 2 6 9 E  0 0  
- 0 . 4 4 7 1 8 19E 0 0  
- C . 6 C 9 6 1 9 7 E  0 0  
- 0 .  3 5 8 1  3892 C O  
- 0 . 1 9 1 0 7 1 7 E  0 0  
- 0 . 1 3 4 6 5 6 7 E  0 0  
- C . 1 0 4 6 3 8 4 E  0 0  
- C . 6 9 5 1 6 7 C E - 0 1  
- O . e i19494E - 0 1  
- 0 . 7 3 8 8 2 7 0 E - 0 1  
- 0 .  e 6 6 7 7 6 3 E - 0 l  
- 0 . 6 0 9 3 5 3 0 E - 0 1  
MAG(Z/ZC) ARG(Z/ZO) 
0 .  1  0 6 7 8 1 3 E  0 1  0  . 4 3 1 7 1 9 1 E  C I  
0 .  1 2 3 1  5 8 4 E  0 1  0  .  1 7 4 9 4 5 7 E  0 1  
c  •  1 3 0 9 3 9 4 E  0 1  - 0  •  8 3 5 3 4 0 6 E  C I  
0 .  1 2 6 C 4 6 0 E  0  1  - 0  .  2 0 7 7 9 7 5 E  C 2  
0 .  1 1 2 4 1 4 7 E  0 1  - 0  .  3 2 8 3 9 9 8 E  0 2  
0 .  4 1 8 0 8 9 2 E  O C  - 0  . 5 8 9 3 7 e 5 E  C 2  
0 .  2 4 l 7 6 0 e E  0 0  - 0  . 5 2 2 1 6 7 1 E  C 2  
0 .  1 7 6 5 3 7 0 E  C C  - 0  . 4 9 7 0 8 7 7 E  0 2  
0 .  1 4  1 3 5 5 2 E  C O  —  0  . 4 7 7 E 2 6 4 E  C 2  
0 .  1 2 1 4 8 3 4 E  0 0  - 0  . 4 7 4 6 4 e e E  0 2  
0 .  1 0 6 8 7 4 5 E  0 0  - 0  . 4 9 4 3 9 7 1 E  C 2  
0 .  9 3 5 3 0 6 5 E  - 0 1  - 0  . 5 2 1 7 6 9 6 E  0 2  
0 .  8 2 0 7 4 8 8 E  - 0 1  - 0  .5433105E 0 2  
0 .  7 3 3 9 1 5 6 E  - 0 1  - 0  . 5 6 1 2 7 1  I E  0 2  
Table B2. Mutual coupling ratio (Z/ZO) between two loops (R = 100 meters) on the 
surface of a three layered eatth 
biJi: 2,0 H=rj k2= 0,0 S02= 2,0 
B  R E A L ( Z / Z O )  I N ( Z / Z O )  M A G ( Z / Z C )  A R G ( Z / Z C )  
0 . 2 0  0 .  1  0 0 3 4 8 4 E  0 1  0 .  1 5 4 8 8 9 6 E  
- 0 1  0  1 0 0 3 6 C 3 E  0 1  0  . e 8 4 3 0 C 6 E  C O  
0 . 4 0  0 .  1 0 2 2 4 6 7 E  0 1  0 . 4 6 3 7 3 3 9 E  
- 0 1  0  1 0 2 3 5 1 e E  0 1  0  . 2 5 9 6 8 3 7 E  0 1  
0 . 6 0  0 .  1 0 6 0 7 5 9 E  0 1  C . 7 2 6 5 6 2 1 E  
- 0 1  0  1 0 6 3 2 A 3 E  0 1  0  . 3 9 1 e 3 2 8 E  0 1  
O . 0 C  0 .  1  1 1 3 9 6 4 6  0 1  0 . e C 4 2 5 9 2 E  
- 0  1  0  1  1  1 6 8 6 3 E  0 1  0  . 4 1 2 9 4  7 0 E  C  1  
1  . 0 0  0 .  1  1 7 3 5 2 4 E  0 1  O . e i 9 6 2 8 7 E  
- 0 1  0  1 1 7 5 1 5 9 E  C  1  0  . 3 0 2 2 4 4 9 E  C I  
2 . 0 0  0 .  1 2 6 9 7 4 0 E  0 1  - C . 3 7 C 6 1 2 0 E  C O  0  1 3 2 2 7 2 1 E  0 1  - 0  .  1 6 2 7 1  4 7 E  0 2  
3 . 0 0  0 .  8 2 7 0 3 6 4 E  0 0  
- 0 . 7 8 4 7 6 2 9 E  C O  0  1 1 4 0 1 0 6 E  0 1  - 0  . 4 3 4 9 7 6 0 E  0 2  4 . 0 0  0 .  2 8 8 4 0 4 6 E  0 0  
- 0 . 7 5 5 6 4 5 4 E  0 0  0  8 0 6 8 1 2 2 E  C O  
- 0  . 6 9 1 0 9 7 e E  C 2  
5 . 0 0  0 .  I  1 3 9 8 3 2 E - 0 1  - 0 . 5 0 1 9 1 7 S E  0 0  0  5 0 2 0 4 6 8 E  0 0  - 0  . e 8 6 9 9 C I E  0 2  
6 . 0 0  
-  0 .  4 3 6 8 3 4  l E -0 1  - 0 .  2 8 8 5 3 7 7 E  0 0  0  2 9 l 6 2 5 e E  0 0  - 0  . 9 0 6 O 9 C  I E  0 2  7 . 0 0  
—  0  .  2 3 1 5 8 0 3 E -0  1  - 0 .  1 7 8 4 3 7 7 6  0 0  c  1 7 9 9 3 4 2 E  C O  - c  .  9 7 3 9 4 6 5 E  0 2  
8 . 0 0  - 0 .  3 6 6 3 3 8  I E -0 2  - 0 . 1 3 1 7 1 3 9 E  0 0  0  1  3 1 7 6 5 0 E  C O  - c  . Ç 1 5 9 5 4 0 E  C 2  9 . 0 0  0 .  2 1 2 6 4 0 9 E - 0 2  - C .  1  C 7 0 4 9 7 E  o c  0  1  0 7 8 7 0 6 E  0 0  
- 0  . 8 8 8 7 0 4 2 E  0 2  
1 0 . 0 0  0 .  1 5 5 2 7 7 1 E - 0 2  - C . E 9 S 6 8 8 0 E  
- 0 1  0  8 9 9 8 2 1 5 E  - 0 1  
- 0  . 8 9 0 1 1 1 7 E  0 2  
Table B2 (Continued) 
n D =  4 . 0  M =  3  K  2  =  0  
.  0  S C 2 =  2 . 0  
B  R E A L  (  2 / Z U  )  I  N ( Z / Z O )  





0 .  1 0 2 2 4 0 l E  0  1  0 . 4 6 3 4 6 1 3 E  
- 0 1  
0 . 6 C  0 .  1 0 6 0 4 4 8 E  0  1  0 . 7 2 6 9 0 1 9 E  - 0 1  o
 
CD O
 0 .  1 1 1 3 1 8 9 E  0 1  0 . 6 0 7 8 4 1 4 E  - 0  1  
1  . 0 0  0 .  1 1 7 2 1 3 4 E  0 1  0 . 6 3 1 3 4 6 1 E  - 0 1  
2 . 0 0  0 .  1 2 7 3 5 3 3 E  0 1  - C . 3 5 a 6 7 3 8 E  0 0  
3 . 0 0  C .  H 5 0 7 2 0 6 E  0 0  - 0 . 7 8 1 0 1 3 4 E  0 0  
4 . O C  0 .  3 0 4 8 1 5 5 E  0 0  - 0 . 7 7 6 9 2 6 4 E  0 0  
5 . 0 0  0 .  3 1 6 3 7 1 e E -0 2  - 0 . 5 2 2 7 4 6 C E  0 0  
6 .  c e  -  0 .  5 8 « 6 6 7 7 E - 0  1  
- 0 . 2 9 1 5 4 8 3 E  0 0  
7 . O C  —  0 .  2 9 9 4 9 0 4 E -0  l  
- 0 .  1  7 1 9 3 9 4 E  o c  
a . 0 0  
—  0 .  3 0 1 2 9 8 4 E -0 2  - 0 . 1 2 6 5 9 9 8 5  0 0  
9 . 0 0  0 .  4 3 7 9 1 7 6 E - 0 2  - 0 . 1 0 6 5 0 5 0 E  0 0  
1 0 . o c  0 .  2 7 1 8 8 1 7 E - 0 2  
- 0 .  9 0 3 9 4 9 1 E  - 0 1  
M A G ( Z / Z C )  A R G ( Z / Z C )  
0  1  0 C 3 5 9 e E  0 1  0  . 8 8 3 7 1 7 8 E  0 0  
0  1 0 2 3 4 5 1 E  C l  0  . 2 5 9 5 4 e 0 E  C l  
0  1 0 6 2 9 3 6 E  0 1  0  . 3 9 2 1 3 0 0 E  0 1  
0  1 1 1 6 1 1 7 E  0 1  0  . 4 1 5 0 6 7 8 E  C l  
0  l 1 7 3 8 3 3 E  C  1  0  .  3 0 8  3 1  2 9 E  C l  
0  1 3 2 3 0 7 7 E  C l  - 0  . 1 5 7 2 9 1 7 E  0 2  
0  1 1 5 4 8 6 2 E  C  1  - C  . 4 2 5 5 3 € 2 E  C 2  
0  8 3 4 5 8 2 C E  C O  - 0  . 6 8 5 7 6 1 4 E  0 2  
0  E 2 2 7 5 5 6 E  C C  - 0  . 8 9 6 5 3 2  1 E  C 2  
0  2 9 7 4 3 1 8 E  C O  
- 0  . 1 0 1 4 1 5 2 E  0 3  
0  1 7 4 5 2 8 2 E  C O  - 0  . S 9 8 8 0 S l E  0 2  
0  1  2 6 6 3 5 6 E  C O  
- 0  . S 1 3 6 3 2 9 E  C 2  
0  1 0 6 5 9 4  SE 0 0  - 0  . 6 7 6 4 5 4  2E 0 2  
0  9 0 4 3 5 8 C E  - C l  - c  . 8 8 2 7 7 1 8 E  0 2  
Table B2 (Continued) 
Q D  II oc * o
 
M = 3  K 2 =  0  
. 0  
B  R E A L ( Z / Z O )  
0  . 2 0  0 .  1 0 0 3 4 7 9 E  0 1  
0  , 4 0  0 .  1 0 2 2 3 8 7 E  0 1  
0  •  6 0  0 . 1 0 6 0 3 6 2 E  0 1  
C  . 8 0  0 .  1  1 1 2 9 5 9 E  0 1  
1  . 0 0  0 .  1  1 7 1 7 3 6 E  0 1  
2  . 0 0  0 .  1 2 7 7 0 7 6 6  0 1  
3  . 0 0  0 . 8 7 8 2 1 7 3 E  0 0  
4  . 0 0  0 . 3 5 2 7 0 0 4 E  0 0  
5  .  0  0  0 . 3 6 4 4 2 8 7 E - 0 1  
6  . 0 0  
- 0 . 5 8 8 0 1 7 7 Ë -0  1  
7  . O C  
- C . 4 9 8 1 0 9 4 E -0 1  
8  . 0 0  
- 0 . 2 2 5 0 6 0 3 E -0  1  
9  . 0 0  
- 0 . 6 2 0 0 9 5 1 E - 0 2  
1  0  . o c  
- 0 . 9 9 4 7 1 6 8 E -0 3  
S D 2 =  2 . 0  
I M ( Z / Z O )  
0 .  1 5 5 7 4 8 5 E - 0 1  
0.4673347E-01 
0 . 7 3 5 8 6 4 6 E - 0 1  
0 . 6 2 4 6 8 7 5 E - 0 1  
0 , 6 S 9 8 0 9 7 E - 0 1  
- 0 . 3 4 3 2 7 3 2 E  0 0  
- 0 .  7 5 9 4 8 6 9 E  0 0  
- 0 . 7 8 0 9 8 3 4 E  0 0  
- 0 . 5 5 Ç 6 6 3 0 E  0 0  
- 0 . 3 3 3 8 2 4 2 E  0 0  
- C . 1 9 5 6 6 2 4 E  0 0  
- 0 . 1 3 0 9 2 2 2 E  0 0  
- C .  1 0 2 4 0 1  7 E  0 0  
- 0 . B 6 2 2 7 7 2 E - 0 1  
M A G ( Z / Z O )  
0  •  1 0 0 3 5 9 9 E  0  1  
0  •  1 0 2 3 4 5 4 E  0 1  
0  •  1 0 6 2 9 1 2 E  C  1  
0  . 1 1 1 6 0 1 O E  0 1  
0  . 1 1 7 3 5 9 2 E  C l  
0  . 1 3 2 2 4 0 6 E  0 1  
0  . 1 1 6 1 0 7 1 E  0  1  
0  . 8 5 6 9 3 2 1 E  c e  
0  . 5 6 0 8 4 8 2 E  0 0  
0  • 3 3 e 9 6 3 4 E  0 0  
0  •  2 0 1 9 0 3 2 E  0 0  
0  •  1 3 2 8 4 2 5 E  0 0  
0  .  1 0 2 5 8 9 3 E  c c  
0  . 8 6 2 3 3 4 4 E  - C l  
A R G ( Z / Z C )  
0  . e 8 9 2 0 7 7 E  C O  
0  . 2 6 1  7 1 7 6 6  0 1  
0  . 2 9 6 9 6  1 4 E  C l  
0  . 4 2 3 7 7 S 0 E  0 1  
c  . 3 2 2 2 9 4 7 E  C l  
- 0  . 1 5 0 4 5 2 7 E  0 2  
- 0  . 4 0 8 5 3 4  l E  C 2  
- 0  .  6 5 6 9 5 4 8 E  C 2  
- 0  .  e 6 2 7 4 3 5 E  0 2  
- 0  . 9 9 9 8 9 9 7 E  0 2  
- 0  .  1 0 4 2 8 2 6 6  0 3  
- 0  . 9 9 7 5 4 C 7 E  0 2  
- c  . 9 3 4 6 5 3 9 6  0 2  
- 0  .  9 0 6 e 0 9 6 E  C 2  
Table B2 (Continued) 
1 3  0 =  1 6 . 0  M =  3  K 2 =  0 . 0  5 0 2 =  2 . 0  
t l  R E A L ( Z / 2 C >  
0  . 2 0  0 ,  1 0 0 3 4 7 9 E  0 1  
0  . 4 0  0 ,  1 0 2 2 J 7 8 E  0  1  
0  , 6 0  0 ,  1 0 6 0 3 3 9 E  0 1  
0  , 8 0  0 ,  1  1  1 2 8 8 2 6  0 1  
1  . 0 0  0 ,  l 1 7 l 5 8  3 E  0 1  
2  . 0 0  0 ,  1 2 7 8 1 4 8 E  0  1  
3  . 0 0  0 .  8 9 1 7 3 2 2 E  0 0  
4  , 0 0  0 ,  3 8 8 1 2 6 7 E  0 0  
5  , 0 0  0 ,  8 3 6 4 2 4 2 6 - 0 1  
6  , 0 0  
- 0 ,  1 9 8 6 8 4 5 E -0  1  
7  , 0 0  
—  0  ,  3 0 2 3 4 2 3 E - 0 1  
8  . 0 0  
—  0 ,  1 9 6 7 7 7 7 E - 0 1  
9  , 0 0  
- 0 ,  1 1 6 7 8 6 5 6 -0  1  
l  0  , 0 0  
—  0 .  8 2 6 5 0 8 2 E -0 2  
I M ( Z / Z O  )  
0 . 1 5 6 5 6 7 0 E - 0 1  
0 . 4 7 0 6 0 9 6 6 - 0 1  
0 »  7 4 3 2 8 2 4 E - 0 1  
C . 8 3 8 1 2 5 9 6 - 0 1  
0 , 6 8 1 5 0 3 4 5 - 0 1  
0 o 3 3 2 4 4 6 8 E  0 0  
C , 7 3 7 4 8 1 9 E  0 0  
0 . 7 6 2 4 8 5 7 E  C C  
0 . 5 6 2 6 9 0 6 E  0 0  
0 . 3 5 9 6 1 7 1 E  0 0  
0 . 2 3 0 8 9 4 0 8  0 0  
0 .  1 6 2 1  9 4 3 E  0 0  
G , 1 2 4 4 1 5 9 E  C O  
0 . 1 0 0 3 8 7 8 E  0 0  
M A G ( Z / Z O )  
0 .  1 0 0 3 6 0  1  E  
0 . 1 0 2 3 4 6 0 E  
0  .  1 0 6 2 9 4  l E  
0 , 1 1 1 6 0 3 3 E  
0 ,  1 1  7 3 5 e 3 E  
0 .  1 3 2 0 6 7 6 E  
0 .  1  1 5 7 1 8 0 E  
0 . 8 5 5 5 8 5 6 8  
0 , 5 6 8 8 7 3 2 E  
0 . 3 6 0 1 6 5 4 E  
0 . 2 3 2 8 6 5 0 E  
0 , 1 6 3 3 8 3 S E  
0 . 1 2 4 9 6 2 8 E  
0 ,  1 0 0 7 2  7 4 E  
A R G ( Z / Z C )  
01 0  .  6 9 3 8 8 0 2 6  00 
01 0  ,2635S14E Cl 
C  1  0 .40097896 01 
01 0 , 4 3 o e 8 e e E  Cl 
Cl 0  ,  3 3 2 9 1  1  1 6  Cl 
c  l  
- 0  . 1 4 5 7 9 6 0 6  02 
C l  
- 0  , 3 9 5 9 1 4 8 6  02 
C O  
- 0  , 6 3 0 2 2 5 8 6  C 2  
00 
- 0  ,ei545ClE 02 
C O  
- 0  ,9316235E 0 2  
CO - C  ,97460 1  7E C 2  
C C  
- 0  ,96917486 02 
CO 
- 0  , 9 5 3 6 2 5 5 6  0 2  
C C  
- 0  ,94706666 02 
Table B2 (Continued) 
B D =  2 . 0  W= o 
II CV
l n
 . 10 SD2= 2.0 
0  PEAL(Z/ZO) IM(Z/20) 
0.2C 0. 1003489E 01 0.15514565 -01 
0 .40 0 .  102250eE 01 0 . 4 6 4 5 2 1 g e  
-01 
0.60 0. 10606 78e 01 0 . 7 2 7 6 7 3 8 E  
-Cl 
0 .80 0 .  1114 179E 01 0.6051199E -01 
1 .00 0. 1173813E 01 0.619595 lE -01 
2.00 0. 1269547e 01 
-0.3709983e 00 
3.00 0 .  8 2 6 6 9 S S E  00 
-0.78449145 0 0  
4 . 0 0  0. 2 8 8 6 0 0 5 E  00 
-G.7554025E 00 
5.00 0 .  115 3 7 8 8 5 -01 
- 0 . 5 0 2 0 1 2 2 E  00 
6.00 
-  0  .  4 3 7 3 4 0 5 E -0 1 
- 0 . 2 8 8 6 1 8 1 E  0 0  
7.00 — 0 . 2 3 1 9 2 0 3 E -01 
-0. 1784299E 00 
8.00 
— 0. 3 6 6 4 9 8 0 E - 0 2  
- 0 .  1 3 1  6 9 8 9 5  00 
9.00 0 .  2 1 2 8 6 1 2 E -02 
- 0 .  1 0 7 8 4 6 S E  00 
10.00 0. 1 5 5 7 9 8 6 E -02 
- 0 . 8 9 9 7 2 6 7 E  
-0 1 
M A G ( Z / Z C )  A R G ( Z / Z C )  
0 .  1 0 0 3 6 0 6 5  0 1  0  . 6 8 5 7 5 9 1 5  0 0  
0 .  1 0 2 3 5 6 1 E  0  1  0  . 2 6 0 1 1 3 9 E  0 1  
0 .  1 0 6 3 3 7 1 5  C  1  0  .  2 9 2 3 8 6 4 5  0 1  
0 .  1  1  1 7 0 8 4 5  0 1  0  . 4 1 3 3 0 6 0 5  0 1  
0 .  1 1 7 5 4 4 7 E  0  1  0  o  3 0 2 1 5 4 4 E  C l  
0 .  1 3 2 2 6 4 4 E  0  1  - 0  . 1 6 2 6 9 6 9 5  C 2  
0 .  1 1 3 9 6 7 5 5  0  1  - 0  . 4 3 4 9 9 3 4 5  0 2  
0 .  8 0 6 6 5 5 1 5  C O  
- 0  •  6 9 0 9 0 6 4 5  0 2  
0 .  5 0 2 1  4 4 7 E  0 0  - 0  •  6 8 6 8 3 3 3 5  0 2  
0 .  2 9 1 9 1 2 e E  0 0  - 0  . 9 8 6 1 6 5 0 5  0 2  
0 .  1 7 9 9 3 0 e E  c c  - c  . 9 7 4 0 5 7 5 E  C 2  
0 .  1 3 1 7 4 9 9 5  0 0  
- 0  . 9 1 5 9 4  C 9 E  0 2  
0 .  1 0 7 8 6 7 S E  C O  - c  •  6 8 8 6 9 2 2 6  C 2  
0 .  8 9 9 8 6 1 5 5  - 0  1  - 0  . e 9 0 0 7 S C E  0 2  
Table B2 (Continued) 
H 0 =  4 . 0  M =  J  K 2 =  0  
. 1 0  •  K U 2 =  2 . 0  
8  R E A L  (  Z / Z O  >  I M ( Z / Z O  )  o
 
c
 0 .  1 0 0 3 4 8 4 E  0 1  0 . 1 5 5 0 5 3 3 E  





C .  1 0 2 2 4 4 6 E  0 1  0 . 4 6 4 2 7 7 4 E  
- 0 1  
0 . 6 0  0 .  1 0 6 0 5 9 6 E  0 1  0 . 7 2 7 9 8 3 7 E  
- 0  1  
0 . 8 0  0 .  1 l 1 3 4  7  7 E  0 1  0 . e C 8 3 6 0 6 E  
- 0 1  
1  . 0 0  0 .  1 1 7 2 5 6 3 B  0 1  0 . 6 3 0 1 7 9 6 E  
- 0 1  
2 . O C  0 .  1 2 7 2 9 8 3 Ê  0 1  
- C . 3 6 0 2 6 4 5 E  0 0  
3 . 0 0  0 .  8 4 7 9 9 1 6 E  0 0  
- 0 . 7 8 1 2 2 0 4 E  0 0  
4 . 0 0  0 .  3 0 3 2 2 6 1 E  0 0  
- 0 . 7 7 4 5 8 1  S E  O C  
5 . C O  0 .  4 0 2 2 l 9 2 Ë - 0 2  
- 0 . 5 2 0 6 1 6 1 E  0 0  
6 . 0 0  
- 0 .  5 7 3 1 2 0 5 e - 0 1  
- C . 2 9 1 1 9 4 3 E  0 0  
7 . 0 0  
—  C  .  2 9 1 7 9 4  6 E -0  1  
- 0 . 1 7 2 5 6 8 8 E  0 0  
6 . 0 0  
—  0  .  3 0 5 2 3 4 e E - 0 2  
- 0 .  1 2 7 1  4 2 5 E  0 0  
9 . 0 0  0 .  4 1 4 0 9 4 3 E -0 2  
- 0 . 1 0 6 6 7 6 1 E  C C  
1 0 . 0 0  0 .  2 5 7 6 5 3 3 E - 0 2  
- 0 . 9 0 3 6 5 1 7 E  
- 0 1  
M A G < Z / Z O )  
0 .  1 0 0 3 6 0 3 E  
C .  1  0 2 3 5 0 C E  
0  .  1 0 e 3 0 9 2 E  
0 . 1 1 1 6 4 0 6 E  
0 . 1 1 7 4 2 5 4 E  
0 . 1 3 2 2 9 8 0 E  
0 .  1  1 5 2 9 9 3 E  
0 . 8 3 1 8 1 e e E  
0 . 5 2 0 6 3 1 6 E  
0 . 2 9 6 7 8 0 5 E  
0 .  1  7 5 0 1 6 4 E  
0 . 1 2 7 1  7 9 1 P  
0 . 1 0 6 7 5 8 4 E  
0 . 9 0  4 0 1 8  9 E  
A R G ( Z / Z C )  
0 1  0  . 6 6 5 2 3 5  l E  0 0  
C l  0  . 2 5 9 9 9 2 4 E  0 1  
C l  0  . 3 9 2 e 5 e 6 E  C l  
c  1  0  . 4 1 5 2 2 6 6 2  C  1  
C l  c  . 3 0 7 6 3 3 3 E  C l  
C l  
- 0  .  1 5 8 0 1 S 4 E  0 2  
0  1  
- 0  . 4 2 6 5 3 1  l E  C 2  
C C  
- 0  .  6 8 6 2 1 C 5 E  C 2  
C O  - c  . 6 9 5 5 7 3 l E  C 2  
C C  
- 0  . 1 0 1 1 3 4 5 E  C 3  
C O  
- 0  . 9 9 5 S 7 3 7 E  C 2  
C C  
- 0  . 9 1 3 7 5 2 9 E  0 2  
C C  
- 0  .e7776S9E C 2  
C l  
- 0  . e 8 3 6 6 7 3 E  0 2  
Table B2 (Continued) 
B D - il OD
 
O
 M = 3  K 2 =  0  
.  1 0  S D 2 =  2 . 0  
B  R E A L ( Z / Z O )  I M ( Z / Z O )  
0  . 2 0  0 . 1 0 0 3 4 8 1 E  0 1  0 . 1 5 5 9 1 8 9 e - 0 1  
0  . 4 0  0 .  1 0 2 2 4 3 6 E  C  1  0 . 4 6 7 7 6 4  l E -0  1  
0  . 6 0  C . 1 0 6 0 5 i e E  0 1  C . 7 3 6 C 5 3 0 E -0 1  
0  . 3 0  0 . 1 1 1 3 2 8 2 E  0 1  C . 6 2 3 5 3 0 6 6 -0 1  
1  . 0 0  0 .  1  1  7 2 2 0 8 E  0  1  0 . 6 5 5 8 2 2 2 E -0 1  
2  . 0 0  0 .  1 2 7 6 2 2 2 E  0 1  - 0 . 3 4 6 4 0 4 7 E  0 0  
3  . 0 0  0 . 8 7 2 8 2 9 4 E  0 0  - 0 . 7 6 2 0 2 0 3 E  0 0  
4  . 0 0  0 . 3 4 6 1 0 6 4 E  0 0  - 0 . 7 7 6 5 6 2 7 E  0 0  
5  . 0 0  0 .  3 3 4 6 4 2 7 e - 0 1  - 0 . 5 5 3 8 9 7 7 e  0 0  
6  . 0 0  —  0 .  5 7 6 6 1  1  5 E —  0  1  - 0 . 3 2 8 8 6 5 4 E  0 0  
7  . 0 0  - 0 . 4 7 0 9 1  2 6 E - 0  1  - C . 1 9 3 4 4 0 3 E  0 0  
8  . 0 0  - 0 . 2 0 3 2 1 5 8 E - 0  1  - C .  1 3 0 7 7 8 6 E  0 0  
9  . 0 0  - 0 . 5 1 5 6 4 5 0 E -• 0 2  - 0 . 1 0 2 9 6 6 3 E  0 0  
l  0  . 0 0  - 0 . 6 5 7 6 4 3 7 E - 0  3  - C . e 6 6 8 9 2 3 E - 0 1  
M A G ( Z / Z C )  A R G ( 2 / Z 0 )  
0 .  1 0 0 3 6 0lE 0  1  0 . 8 9 0 l 7 e 7 E  00 
0. 102350EE C l  0 . 2 6 1 9 4 5 2 e  0 1  
0. 1 0 6 3 0 6 9 E  0 1  0 . 3 9 7 0 2 4 4 E  0 1  
0. 1  1  1 6 3 2 3 E  C  1  0 . 4230642E C l  
0 .  1  1  7 4 0 4 1  E  0 1  0 . 3 2 0 2 2 2 2 F  0 1  
0. 1 3 2 2 3 9 9 E  0  1  -0 . 1 5 1 e s s o E  C 2  
0 .  1 1 e 8 6 6 6 E  0 1  -0 . 4 1 1 2 2 4 5 E  0 2  
0 .  8 5 2 0 2 6 7 E  0 0  -0 . 6 6 0 3 2 6 2 E  0 2  
G .  5549077E C O  - c  .  6 6 5 4 2 5 9 6  C 2  
0 .  3338821E 0 0  - 0  .9994484E C 2  
0 .  199C897E C O  - 0  .1036820E 03 
0 .  1 3 2 3 4 8 C E  C O  - 0  . 98832556 C2 
0 .  1 0 3 0 9 7 3 e  0 0  -0 . 9 2 8 6 6 9 0 6  0 2  
0 .  866917 4 E  - 0 1  -0 •9043469E 0 2  
Table B2 (Continued) 
f 3 D = l  6  . 0  M =  3  K 2 =  0  
. 1 0  S C 2 =  2 . 0  
0  R E A L ( Z / Z O )  I M ( Z / Z O )  
0 . 2 0  c  #  1 0 0  3 4 8 0 F .  0 1  0 . 1 5 6 6 5 5 6 E  
- C l  
0 . 4 0  0 .  1 0 2 2 4 2 4 E  0 1  0 . 4 7 0 7 1 1 8 E  - 0 1  
0,60 0 ,  1 0 6 0 4 9 3 E  0 1  0 .  7 4 2 7 3 1  I E  - 0 1  
0 . 8 0  0 .  1 1 1 3 2 1 4 E  0  1  0 . E 3 5 6 2 8 5 E  





0 .  1  1 7 2 0 4 3 E  0 1  0 . 6 7 5 3 5 8 6 6 - 0 1  
2 . 0 0  0 .  1  2 7 7 2 0 8 E  0  1  
- 0 . 3 3 6 6 S 3 9 E  0 0  
3 . 0 0  c .  8 8 5 1 4 1  S E  0 0  - C . 7 4 2 3 2 2 6 E  0 0  
4 . O C  c .  3 7 8 0 4 0 9 6  0 0  
- 0 . 7 6 2 3 3 8 8 2  0 0  
5 . O C  0 .  7 5 S 3 6 1 9 E - 0 1  
- 0 . 5 5 7 1 9 0 2 E  0 0  
6 . 0 0  
—  0 .  2 3 4 8 2 9 3 E - 0 1  
- C . 3 5 2 3 0 1 l E  0 0  
7 . 0 0  
—  0  .  3 0 2 8 7 7 1 E - 0 1  
- C . 2 2 4 8 0 9 6 E  0 0  
8 . 0 0  - 0 .  1 8 2 3 Ô 3  1 E - 0 1  
- C . 1 5 8 2 5 2 6 E  0 0  
9 . 0 0  
—  0  .  i 0 1 2 1 0 1 E - 0 1  
- 0 . 1 2 2 1 6 4 0 E  0 0  
1  0 . 0 0  
-  0  .  7 0 3 0 1 6 3 E -0 2  
- C . Ç 9 0 5 6 3 6 E  
- 0 1  
M A G ( Z / Z C )  
0 .  1 0 0 3 6 0 2 E  C l  
0 .  1 0 2 3 5 0 6 E  C l  
0 .  1 0 6 3 0 9 0 5  0 1  
0 .  1 1 1 6 3 4 6 e  0 1  
0 .  1  1 7 3 9 8 6 E  C l  
0 .  1 3 2 0 8 3 l E  C l  
0 .  1 1 5 5 2 1 3 E  0 1  
0 .  6 5 0 9 2 6 2 5  0 0  
0 .  5 6 2 2 8 7 0 E  0 0  
0 .  3 5 3 0 8 2 e E  o c  
0 .  2 2 6 8 4 0 7 E  0 0  
0 .  1 5 9 2 9 9 7 E  o c  
0 .  1 2 2 5 8 2 6 E  C O  
0 .  9 9 3 0 5 5  l E  
- 0  1  
A R G ( Z / Z O )  
0  . 8 9 4 3 8 5 0 6  00 
0 .2635Q6£E 01 
0 .4006247E 01 
0 . 4 2 9 2 8 2 1 E  0 1  
0 . 3 2 9 7 8 7 2 E  Cl 
-0 . 147664eE 0 2  
- 0  .3998482E 02 
- 0  .63623315 02 
-0 •  e 2 2 7 9 e 2 E  0 2  
-0 .9381351E 02 
-0 .S7673C7E 02 
-0 .9657318E 02 
-0 .94736C8E 02 
-C .S405962E 02 
Table B2 (Continued) 
0 0 =  2 , 0  M =  3  K 2 =  3  
.  0 0  5 C 2 =  2 . 0  
B  R E A L ( Z / Z O )  I  » '  (  Z /  Z O  >  
0 . 2 C  0 .  1 0 0 3 6 2 7 E  0 1  0 .  1 6 2 5 6 5 0 E  - C l  
0 . 4 0  0 .  l 0 2 3 7 1  S E  0 1  0 . 4 8 7 1 6 2 5 e  
- 0 1  
0 . 6 0  0 .  1 0 6 4 3 7 4 E  0 1  0 . 7 5 9 0 1 3 3 E  
- 0 1  
0 . 8 0  0 .  1  1 2 0 4 2 0 E  0 1  0 . e 2 7 9 S 2 6 E  
- 0 1  
1  . 0 0  0 .  l  1 8 2 0 6 2 E  0  1  0 . 6 1 5 4 0 4 4 E  
- 0 1  
2 . 0 0  0 .  1 2 6 3 1 2 2 E  0 1  
- 0 . 3 e i 3 4 6 3 E  0 0  
3 . 0 0  0 .  8 1 8 4 7 3 9 E  0 0  
- 0 . 7 7 6 0 9 5 2 E  C O  
4 . O C  0 .  2 9 4 5 9 1 7 E  0 0  
- 0 . 7 4 9 7 3 9 3 E  0 0  
5  . 0 0  0 .  1 4 9 7 1 2 5 E -0  1  
- G . 5 0 5 0 7 2 4 E  0 0  
6 .  O C  
- 0 .  4 4 9 6 2 1 7 E -0 1  
- 0 . 2 9 C 4 0 8 1 E  0 0  
7 . 0 0  
- 0 .  2 4 0 3 9 9 9 E -0 1  
- 0 . 1 7 6 0 4 8 1 E  0 0  
8 . 0 0  
- 0 .  3 5 9 8 1 8 5 e -0 2  
- 0 . 1 3 1 3 4 5 8 E  C O  
9 . 0 0  0 .  2 2 6 6 2 0  1 E -0 2  
- 0 . 1 0 7 8 4 7 4 6  0 0  
1 0 . 0 0  0 .  1 5 8 2 4 7 5 E - 0 2  
- C .  Ç 0 0 2 0 3 0 E  
- 0 1  
M4G(Z/ZC> />RG( Z/ZG) 
0 .  1 0 0 3 7 5 8 E  C l  C  . 9 2 7 9 8 1 2 e  0 0  
0 .  1 0 2 4 8 7 6 E  C  1  C . 2 7 2 4 5 1  lE C l  
0 .  1 0 6 7 0 7 7 E  C l  C . 4 0 7 8 8 9 9 E  0 1  
0 .  1 1 2 3 4 7 5 E  C l  0 .4226482E 0 1  
0 .  1 1  8 3 6 6 2 E  0  1  0 .  Z 9 e C 2 3 6 E  C l  
0 .  1 3 1 9 4 3 2 e  C l  
- 0  . 1 6 7 9 9 4 7 E  C 2  
0 .  1 1 2 7 9 2 9 E  C l  - 0  .  4 3 4 7 7 e O E  0 2  
0 .  8 0 5 5 3 Q 1 E  0 0  
- 0  . 6 8 5 4 8 8 l E  0 2  
0 .  5052942E C O  
-0.8830209E 02 
0 .  29366795 C O  
- 0 . Ç 8 8 0 0 Ç 2 E  02 
0 .  1 796637E O C  - 0.976ege2E 0 2  
0 .  131395CE C O  
-C.Ç15fc927E 0 2  
0 .  107871 2E C O  
- 0 . 6 8 7 9 6  1 6 E  0 2  
0 .  9003419E 
- C l  -0 .889928lE 02 
Table B2 (Continued) 
3 D =  4 . 0  M =  3  K 2 =  3 1 . 0 0  S C 2 =  2 . 0  
B  R E A L ( Z / Z O )  I K ( Z / Z O )  
0 . 2 0  0 .  1 0 0 3 6 3 9 E  0 1  0 .  1  6 2 7 6 9 7 E  





0 .  1 0 2 3 8 5 4 E  0 1  0 . 4 6 7 6 6 7 5 2  - 0 1  
0 . 6 0  0 .  1  0 6 5 0 1  S E  0 1  C . 7 5 8 0 2 5 6 E  
- 0 1  
0  . b C  0 .  1  1 2 2 0 3 4 E  0 1  C . e i 9 7 0 6 3 E  - 0 1  
1  . 0 0  0 ,  I  1 8 4 0 4 5 E  0 1  O . 5 0 9 3 8 7 8 E  - 0 1  
2 . 0 0  0 .  1 2 5 3 4 1  I E  0 1  
- C . 4 0 4 3 3 9 1 E  0 0  
3 . 0 0  0 .  7 7 3 0 5 9 C E  0 0  
- 0 . 7 7 7 2 8 3 4 E  0 0  
4 . 0 0  0 .  2 7 1 5 9 6 3 E  0 0  
- 0 .  7 0 7 0 3 1  O E  D O  
5 . 0 0  0 .  3 5 8 0 1 1 7 E - 0 1  
- 0 . 4 7 2 6 3 6 2 E  0 0  
6 . 0 0  
—  0 »  l  9 5 8 0 1 8 E - 0 1  - C . 2 9 1 0 8 2 4 E  0 0  
7 .  0 0  
- 0 .  1 6 2 6 2 1 e E - 0 1  - C . 1 9 O 5 3 0 3 E  0 0  
8 . 0 0  
—  0  .  6 6 2 2 9 0 3 E - 0 2  
- 0 .  1 3 8 4 1 9 5 E  C O  
9 . 0 0  
—  0 .  1 3 1 3 5 9 2 E - 0 2  
- C .  1 0 8 7 1 6 1 E  0 0  
1 0  . 0 0  0 .  2 8 6 4 0 2 2 E -0 3  - C , C 9 0 0 4 4 6 E  
- 0 1  
M A G ( Z / Z C )  A R G <  Z / Z C )  
0 .  1  0 0 3 7 7 1 E  0 1  0  . 9 2 9 1 3 8 7 E  C O  
0 .  I C 2 5 0 I 4 E  C  1  0  .  2 7 2 6 9 6 9 2  0 1  
0 .  1 0 6 7 7 1 2 E  0 1  0  . 4 0 7 1 1 5 7 E  0 1  
0 .  1 1 2 5 0 2 4 E  C I  0  . 4 1 7 8 3 3 7 E  0 1  
0 .  1 1 6 6 3 1 O E  0  1  0  . 2 8 4 7 7 6 7 E  0 1  
0 .  1 3 1 7 0 1 5 F  0 1  - 0  . 1 7 8 7 9 2 3 F  0 2  
0 .  1 0 9 6 2 6 1 E  0 1  - 0  . 4 5 1 5 6 C 7 E  0 2  
0 .  7 5 7 4 0 1  7 E  0 0  - 0  •  6 8 9 8 6 3 7 E  0 2  
0 .  4 7 3 9 9 0 1 E  0 0  
- 0  . 6 5 6 6 8 2  I E  0 2  
0 .  2 9 1 7 4 0 6 E  0 0  - 0  . S 3 8 4 9 S 0 E  C 2  
0  .  1 9 1 2 3 1 O E  0 0  
- 0  . Ç 4 8 7 8 3 6 E  0 2  
0 .  1 3 8 5 7 7 8 6  C O  
- 0  . 9 2 7 3 9 3 6 E  C 2  
0 .  1 0 8 7 2 4  I E  C O  
- 0  « Q 0 6 9 2 3 4 E  0 2  
0 .  8 9 0 0 4 9 3 E  
- 0 1  - 0  . 6 9 8 1 5 5 5 E  0 2  
Table B2 (Continued) 




S D 2 =  2 . 0  
e  REAL(Z/ZO) I M (Z/ZO) 




 0 .  1 0 2 3 8 9 6 E  0 1  C . 4 7 9 9 0 3 0 E  
-01 
C  . 6 0  0 .  1 0 6 5 1 8 7 E  0 1  C . 7 3 9 9 4 7 6 E  
- C l  
O . a c  G .  1  1 2 2 4 8 4 e  0  1  0 . 7 8 5 3 9 0 1 e  -01 
i  . o c  0 .  1  1 8 5 6 5 C E  0 1  C . 5 3 C 8 1 0 7 E  
- 0 1  
2 . 0 0  0 .  1 2 4 3 2 5 8 E  0 1  - 0 . 4 3 4 7 6 2 8 E  0 0  
3 .  o c  0 .  7 1 4 7 1 a C E  0 0  
- 0 . 8 0 8 6 9 5 1 E  0 0  
4 . 0 0  0 .  1 9 1 Ô 4 6 7 E  0 0  - 0 . 6 8 1 7  1 6 6 E  0 0  
5 . 0 0  
- 0 .  1  1  3 4 8 0 2 E -0 2  - 0 . 4 0 2 2 7 6 5 e  0 0  
6 . 0 0  
- 0 .  3 9 0 2 3 6 5 E - 0 2  
- 0 . 2 3 1 0 9 5 4 E  0 0  
7 . 0 0  0 .  1 7 4 7 4 7 4 E - 0 1  - C .  1 6 5 8 4 8 5 E  0 0  
8 . 0 0  0 .  1 8 3 2 4 0 3 E -0 1  - 0 . 1 3 7 9 Û 9 7 E  o c  
9 . 0 0  0 .  1 0 4 9 8 8 e E -0 1  - 0 . 1 1 4 8 8 6 2 E  0 0  
10. 0 0  0 .  5 0 2 6 1 2 8 E - 0 2  
- 0 . 9 3 8 0 0 3 l E  - 0 1  
M A G ( Z / Z C )  A R G ( Z / Z C )  
0 .  1 0 0 3 7 7 0 E  0  1  0  . ç i a i 5 e 4 E  0 0  
0 .  1 0 2 5 0 2 0 E  0 1  0  .  2 6 8 3 5 0 5 E  C l  
0 .  1 0 6 7 7 5 3 6  C l  C  . 3 9 7 3 7 5 2 e  C l  
0 .  1 1 2 5 2 2 9 E  C  1  c  . 4 0 0 2 3 Ç e E  C l  
0 .  1 1 8 6 8 3 7 E  C l  0  . 2 5 6 3 3 9 7 E  C l  
0 .  1 3 1 7 0 e 3 E  C l  - 0  .  1 9 2 7 4 5 4 E  C 2  
0 .  1 0 7 9 2 6 4 E  0 1  - 0  . 4 8 5 2 9 9 5 E  0 2  
0 .  7 0 8 1 4 2 6 E  0 0  - 0  •  7 4 2 9 8 C 2 E  0 2  
0 .  4 0 2 2 7 8 1 E  C C  - c  . 9 0 1 6 1 e s E  C 2  
0  .  2 3 1 1 2 8 3 E  0 0  - 0  . 9 0 9 6 7 4 5 E  0 2  
0 .  1 6 6 7 6 6 6 E  C O  - 0  . 8 3 9 8 5 1 4 e  0 2  
0 .  1 3 9 1 2 1 7 E  C C  - 0  . 8 2 4 2 1 4 l E  0 2  
0 .  1  1  5 3 6 4 6 2  0 0  - 0  . e 4 7 7 8 4 9 E  C 2  
0 .  9 3 9 3 4 8 3 E - C l  - 0  . e 6 9 3 ? 7 9 E  C 2  
Table B2 (Continued) 
130=16.0 M=J K2= 3.00 
8  R E A L ( Z / Z O )  
0 . 2 0  0 .  1 0 0 3 6 4 6 E  0 1  
0 . 4 0  0 .  1 0 2 3 8 9 7 2  0 1  
0 . 6 0  0 .  1 0 6 5 2 6 3 E  0 1  
0 . 8 0  0 .  1  1 2 2 6 4 2 E  0 1  
1  . 0 0  C .  1 1 8 5 8 9 8 2  0 1  
2 . 0 0  0 .  1 2 3 8 8 6 3 E  0 1  
3 . 0 0  0 .  6 8 0 3 4 2 6 E  0 0  
4 . O C  C i  1 2 4 0 7 8 C E  0 0  
5 . 0 0  
- 0 .  6 5 2 2 2 2 0 E -0 1  
6 . O C  
-  0 .  3 8 1 3 8 3 7 E -0 1  
7 . 0 0  0 .  8 5 4 2 7 8 4 2 - 0 2  
8 . 0 0  0 .  2 0 4 8 3 4 0 2 -0 1  
9 . 0 0  0 .  1 5 9 3 4  7 5 E - 0 1  
1 0 . 0 0  0 .  1 2 1 5 1 0 1 E -0 1  
SC2= 2.0 
IN(Z/20) 









-C. 1 8252832 OC 




MAG (Z/ZC ) ARG(Z/ZO) 
C. 1003772E C 1 C .90880782 CO 
0. 10249902 01 0 .26468S3E 01 
0* 1067727E Cl 0 .38936S2F Cl 
0. 1 1251 982 0 1 C • 366384lE Cl 
0. 11e6695E 01 0 .2349583E Cl 
0. 132C333E Cl -0 . 2023267E C2 
0. 1084345E 01 -0 .5113976E C2 
0. 70444C4E 00 
-0 .79855122 02 
0. 378451 CE OC 
-0 .99923972 C2 
0 . 18647022 00 
-0 .10180192 03 
0. 12294652 OC 
-C .86015632 02 
0. 10861712 00 -0 .79129812 C2 
0. 93543952-Cl -0 .80192C9E 02 
0. 772661CE-01 
-0 . 80951 9 3E 02 
Table B2 (Continued) 
H D =  2 . 0  M = 3  K 2 = 1 0 . 0 0  S C 2 =  2 . 0  
G  R E A L ( Z / Z O )  IM( Z / Z O >  
0 . 2 0  0 . 1 0 0 3 y 7 7 E  0 1  0 . 1 8 0 3 9 1 6 E - 0 1  
0 . 4 0  0 . 1 0 2 6 7 6 4 E  0 1  C . 5 4 0 1 8 5 3 2 - 0 1  
0 . 6 0  0 . 1 0 7 3 0 2 6 2  0 1  0 . 6 2 7 5 3 5 4 2 - 0 1  
0 . 8 0  0 . 1 1 3 5 3 6 3 E  0 1  0 . 6 6 7 2 8 5 7 2 - 0 1  
I t O O  0 . 1 2 0 0 6 3 6 2  0 1  0 . 5 6 2 4 1 7 4 2 - 0 1  
2 . 0 0  0 . 1 2 4 4 3 3 8 2  0 1  - 0 . 3 9 9 4 9 3 0 2  0 0  
3 . O C  0 . 8 0 8 1 9 5 1 2  0 0  - 0 .  7 5 5 3 5 6 6 2  0 0  
4 . 0 0  0 . 3 0 8 1 1 2 1 2  0 0  - C . 7 4 4 3 3 2 4 E  0 0  
5 . 0 0  0 . 1 7 8 4 5 9 5 2 - 0 1  - 0 . 5 1 1 7 1 7 8 E  0 0  
6 . O C  - 0 , 4 7 6 5 3 6 6 6 - 0 1  - C # 2 9 1 8 9 9 5 E  0 0  
7 .OC - 0 . 2 4 7 5 3 8 3 E - 0 1  - 0 .  1 7 7 0 9 3 4 E  0 0  
8 . O C  - 0 .  3 2 8 9 6 8 4 2 - 0 2  - 0 .  1 3 1 0 3 7 5 E  0 0  
9 . 0 0  0 . 2 3 8 5 7 3 0 2 - 0 2  - 0 . 1 0 7 9 2 4 5 2  0 0  
1 0 . 0 0  0 .  1 5 6 7 3 5 4 2 - 0 2  - 0 . 9 C C 6 4 7 6 E - 0 1  
M A G ( Z / Z O )  A R G < Z / Z C >  
0 .  1 0 0 4 1 3 9 2  0  1  0  *  1 0 2 9 3 6 2 2  0 1  
0 .  1 0 2 8 1 8 4 E  0 1  0  . 3 0 1 i s e o E  C l  
0 .  1 0 7 6 2 1 1 2  0 1  c  . 4 4 1 0 0 1 3 2  C l  
0 .  1  1 3 8 6 7 0 2  C l  0  . 4 3 6 8 2 5 0 2  C l  
0 .  1 2 0 2 0 4 7 2  0 1  0  . 2 7 7 7 1 8 8 2  0 1  
0 .  1 3 0 6 8 9 4 2  0 1  - c  . 1 7 7 9 9 1 5 2  C 2  
0 .  1  1 0 6 2 2 9 2  0 1  - c  . 4 3 0 6 4 4 6 2  C 2  
0 .  8 0 5 5 8 2 9 2  C O  
- 0  . 6 7 5 1 3 1 2 2  0 2  
0. 51202882 c e  
- 0  .68002612 02 
0 ,  2 9 5 7 6 3 7 E  0 0  -0 , 9 9 2 7 1 9 7 E  0 2  
0. l 788151E 00 
-0 .979572CE 02 
0 . 1 310787E 0 0  
- 0  .91438 1 4E 0 2  
0 .  1 0795062 O C  -0 .68733602 02 
0 .  9 0 0 7 8 3 5 E  - C l  
- 0  .69002962 C 2  
Table B2 (Continued) 




0  . 6 0  
0. ac 










3 K2 = 10.00 
R'i AL ( Z/20 ) 
C. 10040 316 01 
0. 1027534C 01 
0. 1 076285& 01 
0.1142957% 0 1 







0. 1 543:56E-01 
0.6457224E-02 














-C. 1463895E OC 
-0. 1070462E 00 
-0.e720839B-0l 
MAG(Z/ZC) ARC(Z/ZC) 
0. 1004194E C 1 0 . 1034506E C l 
0. 102896 1 E 0 l 0 .3019420E Cl 
0. 1 079402E 0 1 0 .4354952E Cl 
0. 1145881F 01 0 .4094ie5E 01 
0. 1213508E Cl c  .2076916E Cl 
0. l2eCC69E C 1 -0 . 224é454E C2 
0. 95932 7eE CC -0 .4829280^ C2 
0. 6421 090F CC -C « 64889682 02 
0. 4462366E CO 
-C .75838 1 5E C2 
0. 3151913E CO - c  .85924325 02 
0. 2157673E CC -0 .93681CeE C2 
0. 1 472005E 00 -0 .96017 26E 02 
0. 108C393E CC -0 .9342648E C2 
C. 8721 1 5EE -Cl - c  .904871 SE C2 




0 . 4 0  
0.60 
0.80 
1  . 0 0  
2 . O C  
3 . 0 0  
4 . 0 0  
5 . 0 0  
e.oo 
7 . C C  
a. 00 
9 . 0 0  
1 0 . 0 0  
M = 3  K 2 = 1 0 . 0 0  
W E A L ( Z / Z O )  
0 .  1 0 0 4 0 3 5 6  0 1  
0 .  1 0 2 7 7 4 3 E  0 1  
0 .  1 0 7 7 2 4 7 E  0 1  
0 .  1  1 4 5 2 0 4 E  0 1  
0 . 1 2 1 5 7 8 3 E  0 1  
0 . 1 1 1 0 0 4 0 E  0 1  
0 . 3 9 2 5 1 3 5 E  0 0  
0 . 6 8 7 8 5 9 l E - 0 1  
0 . 7 3 6 4 5 2 9 E - 0 l  
0 . 8 9 4 8 0 8 2 E - 0 1  
0 . 7 0 1 4 6 6 2 E - 0 1  
0 . 4 4 2 8 6 9 9 E - 0 1  
0 . 2 5 0 1 8 5 7 E - 0 1  
0 . 1 3 3 7 0 9 5 E - 0 1  
S D 2 =  2 . 0  
I M ( Z / Z O J  
C . 1 7 2 6 4 1 0 E - C 1  
Q . 5 0 6 8 4 6 6 E - 0 1  
0 . 7 3 6 5 0 0 0 E - 0 1  
0 . 6 5 6 7 0 9  l E - 0 1  
0 , 1 5 9 1 2 4 4 E - 0 1  
- 0 . 6 1 2 4 4 0 8 Ë  0 0  
- 0 . 7 5 6 0 6 6 6 E  0 0  
- C . 4 2 0 2 6 1 4 E  0 0  
- 0 . 2 2 6 4 3 4 0 E  0 0  
- 0 . 1 8 2 4 6 5 8 E  C C  
- 0 . 1 6 6 8 8 1 O E  0 0  
- 0 . 1 4 6 2  1 2 0 E  0 0  
- 0 . 1 2 2 8 4 3 1 E  0 0  
- G . 1 0 1 5 3 6 0 E  0 0  
M A G ( 2 / Z 0 )  A R G ( Z / Z C )  
0 .  1 0 0 4 1  8 7 E  0 1  c  . 9 8 5 0 8 3 9 5  0 0  
0 .  1 0 2 8 9 9 2 E  C  1  c  . 2 8 2 3 3 3  7 E  C  1  
0 .  1 0 7 9 7 6 1 E  0 1  0  . 3 9 1 1 1 5 0 E  C l  
0 .  1 1 4 7 0 8 5 E  0 1  0  . 3 2 8 1 9 9 2 E  C l  
0 .  1 2 1 5 8 8 7 E  C l  0  .  7 4 9 e 5 e Ç E  C O  
0 .  1 2 6 7 7 8 1 E  C l  - c  . 2 8 8 8 6 7 8 5  0 2  
0 .  e 5 1 8 8 2 3 E  O C  
- 0  . 6 2 5 6 3  7 5 E  C 2  
0 .  4 2 5 8 5 3 3 E  C C  
- 0  .  6 0 7 0 4 5 l E  C 2  
0 .  2 3 8 1 C 9 2 E  0 0  - 0  . 7 1 9 8 3 3 5 E  0 2  
0 .  2 0  3 2 2  5 4 E  C C  
- 0  . e 3 8 7 6 7 4 E  C 2  
0 .  1 8 1 0 2 4 3 E  0 0  - 0  . 6 7 2 0 1 C 2 E  0 2  
0 .  1 5 2 7 7 2 C E  0 0  - 0  . 7 3 1 4 8 e 4 E  0 2  
0 .  1 2 5 3 6 4 9 E  C C  - 0  . 7 8 4 6 8 2 7 6  0 2  
0 .  1 0 2 4 1 2 6 E  0 0  - 0  . 6 2 4 9 8 0 2 5  0 2  
Table B2 (Continued) 




 S 0 2 =  2 . 0  
B R E A L ( Z / Z O )  I W ( Z / Z O )  
0 . 2 C  0 .  1 0 0 4 0 4 e c  0  1 C o  1 6 5 2 7 1 3 E  - 0  1  
0 . 4 0  0 .  1  0 2  7 8 2 2 E  0 1  0 . 4 7 7 2 5 1 4 e  - 0 1  
0 . 6 C  0 .  1 0 7 7 5 5 4 E  0 1  0 . 6 6 8 6 1 6 9 E  -01 
0 . 6 0  c .  1 I 4 5 e 3 2 E  0 1  0 . 5 3 1 0 2 2 5 E  - 0 1  
l  . O C  0 .  1 2 1 6 6 4 l E  0 1  - C . 4 8 9 9 3 5 3 E  - C 2  
2 . O C  0 .  1  0 6 6 8 4  l E  0  1  - C . 7 0 3 8 9 6 6 5  C D  
3 . 0 0  0 .  2 2 1 0 7 8 8 E  0 0  - 0 . 6 2 1 8 5 8 6 E  0 0  
4 . 0 0  —  0  .  l  1 0 7 7 1  l E  0 0  - 0 . 3 5 4 6 7 2 9 E  0 0  
5 . 0 0  - 0 .  2 0  1 4 2 5 8 6 - 0 1  - C .  1  1 4 7 3 3 2 E  0 0  
6 . 0 0  0 .  4 6 5 7 0 3 3 E - 0 1  - G . 8 8 2 9 1 7 6 E  - C l  
7 . 0 0  0 .  4 7 9 3 1 7 7 e - 0 1  - C . e 7 3 7 2 9 0 Ë  -01 
0 . 0 0  0 .  3 9 0  1 9 3 4 e - 0 1  - 0 . 7 5 6 9 4 9 e E  - 0 1  
9 . 0 0  0 .  3 4 8 8 0 3 2 E - 0 1  - 0 . 6 3 9 8 7 6 1 E  - 0 1  
10. 0 0  0 .  3 2 9 3 7 4 9 E - 0 1  - 0 . 5 6 6 4 7 7 2 E  - 0 1  
M A G ( Z / Z C )  A R G ( Z / Z O )  
0 .  1 0 0 4 1 8 4 E  C  1  0  . 9 4 3 0 3  1  l E  0 0  
0 .  1 0 2 8 9 3 C E  C l  c  • 2 6 5 e 5 2 0 E  0 1  
0 .  1 0 7 9 6 2 5 E  0  1  0  .  3 5 5 0 6 2 2 e  0 1  
0 .  1 1 4 7 C 6 1 E  0  1  0  • 2 6 5 3 4 0 7 E  0 1  
0 .  1 2 1 6 6 5 1 E  C l  - 0  . 2 3 0 7 2 S 6 E  C O  
0  .  1 2 7 8 1  3  1  F  C  1  - 0  . 3 3 4  1 6 C 2 E  0 2  
0 .  6 5 1 0 7 4 3 E  c c  - 0  . 7 4 9 4 3 0 8 E  C 2  
0 .  2 7  1 5 6 8 4 E  o c  - c  •  1 0 7 2 4 4 6 E  C 3  
0 .  1  1  6 4 8 7 Ç E  0 0  - 0  . 9 9 9 5 7 4 6 E  C 2  
0 .  Ç 9 8 2 0 9 7 E  - 0 1  —  0  . 6 2 1 9 0 1 2 E  0 2  
0 .  9 9 6 5 6 7 6 E  - 0 1  - 0  . 6 1 2 5 1 2 7 E  0 2  
0 .  8 5 1 6 0  C 8 E  - 0 1  - 0  . 6 2 7 2 9 7 1 E  C 2  
0 .  7 2 8 7 6 9 3 E  - C l  - 0  . e i 4 0 4 e 9 E  0 2  
0 .  6 5 5 2 7 3 e E  - 0 1  - 0  . 5 9 8 2 4 3 6 E  0 2  
Table B3. Data for a pattern recognition: zero phase angle difference between 
two receivers 
D O  B ( F R E Q U E N C Y )  A R G ( Z / Z O ) ( D E C )  M A G I ( Z / Z O )  M A G 2 ( Z / Z O )  A N G - D  I F F  I  T M  
K 2  =  3 .  0  S D 2 = 0 . 5  
3 .  0  0 . 5 3 5 6 7 5 5 E  0 1  - 0 . 9 2  8 5 1  O O F  0 2  0 . 4 1 5 3 0 7 2 E  C O  0  . 3 9 6 7 2 2 4 E  0 0  - 0 . 0 0 0 0 6  4  
4 .  0  0 .  6 0 8 3 1  9 3 E  0 1  - 0 . 9 7 5 5 1 4 8 E  0 2  0 . 2 7 8 7 2 0 2 E  c c  c  .  2 5 9 q 5 5 8 E  0 0  0 . 0  0 0 4 9  2  
5 .  0  0 .  6 6 4 7 6 6 8 E  0 1  - 0 . 9 6 6 4 9 4 0 E  0 2  0 . 2 0 9 1 9 2  7 E  0 0  0  .  1 9 2 0 4 9 4 E  0 0  0 . 0 0 0 9 3  2  
6 .  0  0 ,  7 1  3 1 0 7 5 E  0 1  - 0 . 9 3 6 9 f l 8 7 E  0 2  0 . 1 7 0 7 0 4 0 E  c  c 0  .  1 5 5 5 C 4 C E  0 0  - 0 . 0 0 2 4 6  6 
7 .  0  0 . 7 5 9 8 5 0 6 E  0 1  - 0 . 9 0 4 7 7 2 6 E  0 2  0 .  1 4 6 7 3 1  6 E  C O  0  .  1 3 3 4 6 2 9 E  0 0  - 0 . 0 C 2 9 C  6  
0 .  0  0 ,  8 1  3 4 9 4 8 E  0 1  - 0 . 8 7 8 3 C 8 1 E  0 2  0 .  1 2 8 8 1 3 0 E  0 0  0  .  1 1 7 5 2 2 9 E  0 0  0  . 0  6  
9 o  0  0 . 0 8 9 3 0 6 6 E  0 1  - 0 , 8 6 5 5 6 7 9 E  0 2  0 . 1 1 1 0 6 6 5 E  o c  0  . 1 0 1 9 4 C 1 E  0 0  - 0 . 0 0 0 7 6  9  
1  0 .  0  0 .  1 0 4 8 3 6 8 e  0 2  - 0 . 8 7 7 8 C 5 9 E  0 2  0 . 8 2 1 5 2 6 1 E  - 0 1  0  . 7 5 3 9 9 1 6 E  - 0 1  - 0 . 0 0  1 4 2  5  
1  1  ,  C  0 .  1 1 6 5 5 2  3 e  0 2  - 0 . 8 7 8 9 2 3 3 E  0 2  0 . 6 6 0 3 2 5 9 E  - C I  0  . 6 0 C 0 7 9 9 E  - 0 1  - 0 . C 0 3 6 6  1  2  
1  2 .  0  0 .  1 2 5 0 2 0 6 E  0 2  - C . 8 7 5 3 3 6 2 E  0  2  0 . 5 7 1 8 6 0 5 E  - 0 1  0  . 5 1 5 5 8 6 2 E  - 0  I  0 . 0  0 2 6 9  7  
K 2  =  3 .  0  S 0 2 = l  . 0  
3 .  C  0 . 5 2 5 0 0 7 5 E  0 1  - 0 . 9 1 0 2 1 7 6 E  0 2  0 . 4 3 8 9 2 2 9 E  0 0  0  . 4 0 2 8 3 8 9 E  0 0  0 . 0 0 0 1 5  2  
4 ,  0  0 .  5 9 4 4 1 4 5 E  0 1  - 0 .  9 5  7 5  9 2  9 E  0 2  0 . 2 9 8 7 0 4  7 E  0 0  0  . 2 6 2 3 7 2 C E  0 0  - 0 . 0 0 0 3 8  2  
5 .  c  0 »  6 4 7 4 5 7 6 E  0 1  - 0 . 9 4 9 6 5 6 2 E  0 2  0 . 2 2 5 4 7 5 1 E  0 0  0  . 1 9 2 4 1 1 5 F  0 0  - O . C 0 0 3 4  6  
6 .  c  0 . 6 9 2 0 9 9 1 E  0 1  - 0 . 9 2 C 7 4 7 7 E  0 2  0 . 1 8 3 9 7 2 2 F  0 0  0  .  1 5 4  7 8 3 f l E  0 0  - n . O 0 0 7 6  3  
7 .  0  0 .  7 3 4 0 5 8 8 E  0 1  - 0 .  8 8 8 4 9 6 6 2  0 2  0 . 1 5 7 9 9 6 4 E  0 0  0  .  1 3 2 5 5 5 2 E  0 0  0 . 0 0 1 2 1  3  
9 .  0  0 . 7 7 8 3 1 2 9 E  0 1  - 0 . 8 6 1 4 6 4 4 E  0 2  0  .  1  3 9 6 8 5  7e 0 0  0  , 1 1 7 8 C C 7 E  0 0  0 . 0 0 0 6 6  7  
9 .  0  0 . 8 4 0 6 6 8 4 E  0 1  - 0 . 8 4 4 7 5 6 6 E  0 2  0 .  1 2 2 3 5 6 4 E  C O  0  .  I  0 4 4 1  0 6 E  0 0  - 0 . 0 0 7 5 4  7  
1 0  .  0  0 . 9 7  3  8 8 1 9 E  0 1  - 0 . 8 5 5 4 1 7 6 E  0 2  0 . 9 4 6 7 8 8 8 E  - 0 1  0  . 8 1 4 4 6 8 9 E  - 0 1  0 . 0  0 5 8 0  1  0  
1  1  .  c  0 .  1 1  0 2 0 9 9 E  0 2  - 0 . 8 5 9 9 8 1 4 E  0  ?  0  . 7 3 4 4 8 0  6 E  - 0 1  0  . 6 2 1 1 3 0 3 E  - 0  1  0 . 0 0 1 0 4  5  
1  2 .  0  0 .  1 1  7 7 2 6 3 E  0 2  - 0 .  8 5 4 1  C 3 5 E  0 2  0 . 6 3 8 5 2 3 1 E  - 0 1  0  . 5 3 2 9 2 7 3 E  - 0 1  - 0 . 0 0 2 3 5  8  
Table B3 (Continued) 
K 2 > =  3 . 0  S b 2 = 2  .  C  
3 . 0  0 .  5 0  6 d 6  5 3 K  0 1  - 0 . 8 7 6 5 5 3 0 E  0 2  
4 . 0  0 . 5 7 0 1 5 5 1 E  0 1  - C . 9 2 2 8 0 5 9 E  0 2  
5 .  0  0 . 6 1 7 4 1 2 9 F  0  1  - 0 . 9 1 6 3 6 0 5 E  0 2  
6 . 0  0 .  6 5 5 9 0 0 9 F  C  1  - 0 . 8 8 9 4 5 1  8 E  0 2  
7 . 0  0 . 6 9 0 1 9 4 4 E  0  1  - 0 . 8 5 8 0 6 6 7 E  0 2  
8 . 0  0 . 7 2 4 6 0 2 4 5  0 1  - 0 .  8 2  9  7  3 6 O E  C  2  
9 . 0  0 . 7 6 5 6 6 0 2 E  0  1  - 0 .  8 0  8 5 1 0 7 F  0 2  
I  0 . 0  C .  8 4  4  6  9  0  3 E  0 1  - 0 . 8 0  5 0  9 9 9 E  0 2  
1 1 . 0  0 . 9 9 5 4 2 3 2 E  0 1  - 0 .  8 2 6 9 6 4 3 E  0 2  
1 2 . 0  0 . 1 0 7 0 0 0 0 E  0 2  - 0 . 8 2 1 4 8 9 7 E  0 2  
K 2 =  3 . 0  S O  2  =  3  .  0  
3 . 0  0 .  4 9 0 7 4 8 2 E  0 1  - 0 .  8 4  5 0  1  7 2 E  0 2  
4 . 0  0 . 5 4 9 2 0 4 0 E  0 1  - 0 . 8 9 0 0  0 2 4 E  0 2  
5 .  0  0 .  5 9 2 1 7 3 7 E  0 1  - 0 . 8 6 5 0 6 6 7 e  0  2  
6 . 0  0 . 6 2 6 3 3 8 8 5  0 1  —  0  .  8 6  0 1  6 6 6 E  0 2  
7 . 0  0 . 6 5 5 8 8 2 5 E  0 1  - 0 . 8 3 0 2 2 3 l E  0 2  
8 .  0  0 , 6 8 3 8 5 3 8 E  0 1  - 0 . 8 0 2 2 6 7 9 E  0 2  
9 . 0  0 . 7 1 4 5 6 5 8 E  0 1  - 0 . 7 7 9 1 6 2 1 e  0  2  
1  0 .  0  0  « 7 5 7 5 9 0 0 E  0 1  - 0 . 7 6 5 1 0 0 7 e  0  2  
1 1 . 0  0 .  9 0 5 3 3 4 9 E  0 1  - 0  .  7 9 3 1  7 1  2 E  0 2  
1 2 . 0  0 . 9 9 0 5 1 8 9 E  0 1  - 0 . 7 9 6 5 3 9 3 E  0 2  
0  . 4 8 0 7 7 2 C F  C O  0  . 4 1 3 0 7 1 9 F  0 0  - 0  . 0 0 1 1 4  4  
0  . 3 3 6 0 8 7 2 E  O C  c  .  2 6 H I  8 9 1 F  0 0  - 0  . 0 0 1 3 7  3  
0  . 2 5 6 5 0 6  9 E  0 0  0  . 1 9 5 0  7 8 4 6  0 0  - 0  . o c  1 9 1  3  
0  . 2 0 9 5 1 7 1 E  C O  r  . 1 5 5 5 8 9 0 E  0 0  0  . 0 0 0 3 8  1  
0  . 1 7 9 6 0 9 5 E  0 0  0  . 1 3 2 6 6 6 8 E  0 0  0  .  0  3  
0  . 1 5 8 7 1 4 2 F  O C  0  .  1  1 8 1  5 8 2 F  0 0  - 0  . 0 0 0 1 1  2  
0  . 1 4 1 9 9 8 6 E  0 0  0  .  1 0 7 6 4 7 4 E  0 0  - 0  . 0 0 0 8 7  5  
0  •  1 2 1  3 2 3 4 F  o c  0  . 9 4 6 1 1 5 9 E  - 0 1  - 0  . 0 0 0 4 4  2  
0  . 8 9 3 1 7 6 2 E  - C l  0  . 6 8 8 4 4 5 C F  - 0 1  c  . 0 0 1 1 0  5  
0  . 7 6 0 3 3 1 7 E  - 0 1  0  . 5 7 3 5 1 S 2 E  - 0 1  - 0  . 0  1 4 7 6  1  
0  . 5 1 9 6 3 0 0 E  o c  0  . 4 2 4 4 C  3 7 E  0 0  - 0  . 0 0 0 8 7  2  
0  . 3 7 0 9 1 4 0 E  0 0  0  . 2 7 5 7 4 3 3 e  0 0  0  .  0  3  
0  . 2 8 5 4 0 4 4 E  0 0  0  .  1 9 9 7 4 2 9 E  0 0  - 0  . 0 0 2 0 8  3  
0  . 2 3 3 1 9 2 3 E  c c  0  .  1 5 8 3 7 C 1 E  0 0  0  . O C 2 6 9  6  
0  • 1 9 9 2 0 8 1 E  C O  0  . 1 3 4 2 9 6 4 E  0 0  0  . C  0 3 8 1  6  
0  .  1 7 5 5  7 8 C E  0 0  0  . 1 1 9 4 0 3 2 E  0 0  0  . 0 0 2 6 2  6  
0  . l 5 7 6 6 6 l E  c c  0  .  1 0 9 4 5 6 3 E  0 0  - 0  . 0 1 2 1 3  6  
0  . 1 4 1 6 6 1 O E  0 0  0  . 1 0 1 5 6 P 4 E  0 0  - 0  . 0 0 2 1 4  7  
0  . 1 0 6 8 8 9 8 E  0 0  0  . 7 8 4 2 9 8 2 E  - 0 1  . O O C  1  2  3  
0  . 8 7 8 9 3 4 9 E  - C l  0  . 6 ? 7 5 C e 2 E  - 0 1  - 0  .  0  C  1  9 7  3  
Tab1e B3 (Continued) 
K 2 =  3 .  0  5 D  2  =  5 " .  0  
3 . 0  0  . 4 6 4 0 9 1 7 E  0 1  - 0  . 7 8 9 8 2 4 4 E  C 2  
4 . 0  0  . 5 1 5 1 7 5 5 E  0 1  - 0  . 8 3 2 2 8 9 6 E  0 2  
5 .  0  0  . 5 5 1 9 6 4 3 C  0 1  - 0  .  8 3  0 2  1  a C E  0 2  
6 . 0  0  . 5 8 0  3 7 9 0 E  0 1  - 0  . 8 0 9 7 6 0 9 5  0 2  
7 .  0  0  . 6 0 3 9 1 5 2 E  0 1  - 0  . 7 8 3 Q 9 8 5 E  0 2  
8 . 0  0  . 6 2 4 8 4 2 2 E  0 1  - 0  . 7 5 8 7 1 7 5 E  0 2  





0  .  6 6  8 4 2  9 0 E  0 1  - 0  .  7 1  7 9 0 0 2 E  0 2  
1 1 . 0  0  .  7 0 4 9 4 4 8 E  0 1  - 0  .  7 0  6 4  1  1  9 E  0 2  
1 2 . 0  0  . 8 7 2 0 6 8 6 E  0 1  - 0  .  7 5  1 6 3 2 7 E  0  2  
K 2 =  3 .  0  S D 2 = * * *  
3 * 0  0  ,  4 1 9 1 4  7 3 E  0 1  "  0  « 6 9 0 3 2 0 C E  0 2  
4 .  0  0  .  4 5 9  1 7 3 0 E  0 1  - 0  «  7 2  8 6  8  0 6 E  0 2  
5 o  0  0  •  4 8 7 4 5 5 8 E  0 1  - 0  . 7 3 2 9 3 0 6 E  0 2  
6 . 0  0  .  5 0  8 8 3 0 1 E  0 1  - c  .  7 2 2 6 7 7 C E  0 2  
7 . 0  0 . 5 2 6 0 9 6 9 e  0 1  - 0  .  7 0 7 3 C 8 7 E  0 2  
a .  0 0 .  5 4 0 8 4  8 9 E  0 1  - 0  . 6 9 0 9 7 1 4 E  0  2  
9 . 0  0  . 5 5 4 2 9 0 9 E  0 1  - 0  . 6 7 5 5 7 2 2 =  0 2  
1 0 . 0  0  «  5 6 7 6 4  7 9 E  0 1  - 0  . 6 6  1 5 5 0 8 E  0  2  
1 1 . 0  0  .  5 8 2 1 5 2 8 E  0 1  - 0  .  6 4 9 5 0 1  2 E  0 2  
1 2 . 0  0  . 6 0 2 9 3 8 7 E  C l  —  0  . 6 4 C 0 4 3 2 E  0 2  
0 .  5  8 6 9 0 1  4 E  C C  0  .  4 4 7 1 2 6 0 E  0 0  - c  . 0 0 0 5 5  2  
0 .  4 3 2 3 6 5 9 E  C O  0  .  2 9 3 5 4  3 9 E  0 0  - 0  . 0 0 0 1 7  3  
0 .  3 3 7 1 3 2 8 E  o c  C  .  2 1 3 0 1 3 4 E  0 0  - c  .  o c  1 6 5  3  
0 .  2 7 5 8 7 3 5 E  0 0  0 .  1 6 8 2 2 9 2 6  0 0  - 0  .  0 C 0 3 2  3  
0  .  2  3 4 5 9 4 6 Ë  0 0  0  .  1 4 1 7 3 6 9 6  0 0  0  .  0  c  1 4  2  9  
0 .  2 0 5 4 8 5  8 E  C C  0 .  1 2 5 2 C C 3 E  0 0  0  . 0 C 2 2 4  5  
0  .  1 8 3 9 1 5 6 E  C O  0  .  1  1 4 4 C 7 4 E  0 0  - 0  . 0  0 4 3 2  5  
0 .  1 6 7 1 6 7 4 E  C O  0  .  1 0 7 2 3 9 3 F  0 0  - 0  . 0 0 0 6 6  5  
0 .  1 5 2 0 2 7 5 E  C O  0 .  1 0 2 0 2 S 7 E  0 0  - 0  . 0 0 1 6 5  1  3  
0 .  1  1  1 9 5 7 3 E  C O  0  ,  7 6 7 6 3 3 9 E -- 0 1  - 0  . 0  0 0 1  I  ?. 
0  .  7 C 7 0 8 5 3 E  O C  0  «  5 C 1 2 9 1 C E  0 0  - 0  . 0 0 0 7 6  4  
0 .  5 4 6 6 9 3 3 E  C C  0  .  3 4 2 9 1 2 9 E  0 0  0  . 0 0 2 1 2  5  
0 .  4 3 7 0 4 9 7 E  C C  0  .  2 5 5 8 6 6 1 E  0 0  c  . 0 0 1 8 6  5  
0 .  3 6 1  1  4 0 C E  C O  0  .  2 0 5 1 0 1 2 E  C O  0  . 0 0 0  3 2  5  
0 .  3 0 7 2 1 1 8 E  C C  0  .  1 7 3 5 6 2 5 2  0 0  - 0  . C 0 0 0 7  4  
0  .  2 6 7 9 0 0 8 E  O C  0 .  1 5 2 9 7 6 G E  0 0  0  . 0 0 2 5 2  
0 .  2 3 8 3 7 9 0 E  C C  0  .  1 3 8 9 7 5 2 E  0 0  - 0  . 0 0  1 9  1  4 
0  .  2 1 5 6 4 1  B E  0 0  0 .  1 2 9 1 9 9 9 E  0 0  0  . 0 0 4 1 5  7  
0 .  1 9 7 6 1 6 4 E  C O  0  ,  1 2 2 3 6 1 C E  0 0  0  . 0 0 5 3 6  0  
0 .  1 8 2 3 4 2 4 E  O C  0  .  1  1 7 7 C 2 2 E  0 0  - 0  . 0 0  1 6 ^  9  
Table B3 (Continued) 
B D  B ( F R E Q U E N C Y  )  
K 2  =  4 . 0  s o 2  =  0  ,  5  
3 o  0  0 ,  5 3 1 7 1 3 2 E  
4 ,  0  0 ,  6 0 2 8 4 4 6 E  
5 ,  0  0 .  6 5 8 2 8 0 9 E  
6  s  0  0 ,  7 0 5 4 9 0 0 E  
7  .  0  0 ,  7 5 0 5 4 3 6 E  
8 .  0  O c  8 0  1  3 4  7 6 E  
9 ,  0  0 »  8 7 7 2 1  4  7 E  
1  0  ô  0  0 .  1 0 3 4 4 0 2 E  
1  1  «  0  0 ,  1 1 4  7 8 7 3 E  
1  2  .  0  O o  1 2 2  5 2  9 4 E  
K 2  =  4  0  0  S D 2 = 1 o O  
3 »  0  0 .  5 1  a i 9 9 4 E  
4  .  0  O o  5 8 4 0 7 6 4 e  
G o  0  0 .  6 3  5  6  8 4  6 E  
6  »  0  0 ,  6 7 7 7 5 2  1 E ;  
7-. 0  0  ,  7 1 7 1 1  2 5 E  
8 .  0  O o  7 5 8 6 3 3 6 E  
9 o  0  O o  8 1 6 2 6  3 7 E  
1 0  ,  0  0 ,  9 6 3 8 8 9 3 E  
1  1  .  0  0 ,  1 0  7 3 7  5 O E  
1 2 ,  0  O e  1  l  4 5 9 8 8 E  
A R G ( 2 / Z 0 ) ( D f e G )  
- 0 , 9 2 0 9 9 4  1 2  0 2  
- 0 , 9 6 6 0 4 7 1 E  0 2  
- 0 , 9 5 7 0 3 6 1 E  0  2  
- 0 , 9 2 6 7 6 3 6 5  C 2  
" 0 , 8 9 4 1 5 4 2 ?  0 2  
- 0 , 8 6 7 5 9 8 9 5  0 2  
- 0 «  8 5  5 0  3 3  6 F .  0 2  
- 0 . 8 6 8 8 2 7 8 E  0 2  
- 0 . U 6 8 6 0 C O E  0  2  
- C . 8 6 3 1  5 7 7 %  0 2  
• - 0 » 0 9 6 2 2 5 1 E  0 2  
"oo90 0m3cu- 02 
"0og3 12202e 02 
- - 0 , 9 0  1 4 7 7 8 ! ?  0 2  
- 0 , 0 6 8 4 2 1  3 E  0  2  
-oo04 05225e 02 
-0 ,02 304966 02 
- 0 . 8 4 0 0 4 2 1 E  0 2  
- O s 8 4  1 7 2 2 9 E  0 2  
"0 o B-?. 293386 0 2 
0 1  
0 1  
0 1  
0 1  
0 1 















M A G l ( Z / Z O )  A N G - O I F F  I T M  
0  0  4  2 3 8  7 2  3 6  C O  0  ^  3 O 6 2 3 6 0 E  0  0  - 0  «  0 0 0 7 6  4  
O o  2 6 6 2 0 9 9 e  c c  0  0  2  5 8 4 £  0  3 E  0  0  0  o ?  3  
O o  2 1 5 0  1 5  1 E  0 0  C o  1 8 9 7 G 9 5 E  0  0  0  , 0 0 0 3 8  3  
O o  1 7 S 3 4 4 0 E  0 0  0  «  1 S 3 0 C 2 4 E  0 0  0  . 0  4  
0  0  1 5 0 V 3 3  7 E  0 0  O o  l 3 1 2 7 4 6 2  0 0  r  « C O I  9 1  5  
0 .  1 3 2 5 8 5 5 E  c c  0  .  1 1 6 0 1 E S E  C O  0  0 0  0 0 8  l  2  
0  ,  1 1 3  9 8 Q 9 E  0  0  0  »  1 0 0 6 9 6 3 E  0  0  C  0 0 0 0 6 0  7  
0  0  0 4 2 1 9 9 3 E  " 0  1  0  ,  7 4 3 7 9 5 C E  —  0 1  0  o  0 0 1  9 2  6  
0  0  6 7 8 2 1 2 6 E  " 0  1  O o  5 9 0 2 3 l O E  - 0  1  C  , 0 0 2 1 4  4  
O o  5 9 2 3 1 9 9 E  " 0 1  0  0  5 1 0 0 3 5 7 E  - 0 1  0  0  0 C 2 C H  1  1  
0  «  4  5 4  0  5 5 7 E  0 0  0  o  4 0  0  9 6  3 8 e  0 0  0  o C  0 0  7  2  1  
C  9  3 1 2 5 0 4 I C  O C  0  0  2 5 9 3 4 3 7 E  0  0  - C  . 0 0 0 7 6  4  
O c  2  3 6  6  7 8 1  F .  0 0  0  .  1 8 0 6 2 3 0 0 .  0 0  - C  , 0 0 0 5 5  3  
O c  1 9 3 2 3 2 4 E  C O  0  e  1 5 1  0 2  e 6 E  O C  - 0  , ^ 0 4 2 1  6  
O o  1 6 5 6 9 6 3 E  0 0  0  \ ^ C O 7 2 0 E  0 0  0  , 0 0 2 1 8  6  
0 .  1 4  6 2  3 4  9 E  0 0  !  1  .-iBC-nPC- 0 0  " C  , 0  0  3 0  1  H  
O o  1  2 8 5 2 8 3 6  o c  0  ,  1 0 2 7 7 0 3 E  0  0  - 0  o  0  0 0 4 9  3  
0  o  9 6  4  2  8 3  9 E  " C  !  0  .  7  7 9 6  2  i O E  - 0  !  - 0  , 0 0 1 6 9  7  
0 .  7 6 7 9 3 3 l E  - 0  1  0  i  6 U 5 9 3 0 5 E  - 0 1  0  . 0  0 6  5 6  1 0  
0  ,  6 6 6 8 1  6  O E  - 0 1  O c  5 1  6  8 9 C 5 E -" 0  1  - C  . 0 0 4 7 5  5  
Table B3 (Continued) 
K 2  =  4 . 0  S D 2 = 2 . 0  
3 .  0  0 .  4 9 4 7 3 4 3 E  0 1  - 0  .  8 5 0 0 7 4 8 E  0 2  
4 .  0  0 .  5 5 4 1  8 1  7 E  0 1  - 0 . 8 9  1 6 4 3 4 E  0 2  
5 .  0  0 .  5 9 7 9 6 5 2 E  0 1  - 0 . 8 8 2 5 4 6 1 E  0 2  
6 #  0  0 .  6 3 3 1 6 0 4 E  0 1  - 0 . 8 5 4 2 4 7 7 E  0 2  
7 .  0  0 .  6 6 4 3 7 9 5 E  0 1  - 0 . 8 2  1  9 5 8 5 E  0 2  
8 ,  0  0 .  6 9 5 0 3 0 1 E  0 1  - 0 . 7 9 3 1 4 9 3 E  0 2  
9 .  0  0 .  7 3 2 4 0 2 5 E  0 1  - 0 , 7 7 0 9 2 2 9 E  0 2  
1 0 .  0  0 .  8 2 3 0 0 5 5 E  0 1  - 0 . 7 7 2 9 8 0 0 E  0 2  
1  1  •  0  0 .  9 6 8 1 2 2 6 E  0 1  - 0 . 7 9 7 2 5 3 0 E  0 2  
l  2 .  0  0 .  1 0 3 1 6 0 2 E  0 2  - 0 . 7 8 9 0 0 7 4 E  0 2  
K 2  =  4 . 0  S 0 2 = 3 . 0  
3 .  0  0 .  4 7 5 0 2 2 2 E  0 1  - 0 . 8 0 8 8 9 1 0 E  0 2  
4 .  0  0 .  5 2 8 8 5 5 5 E  0 1  - 0  .  8 4  7 4 5 2 5 E  0 2  
5 .  0  0 .  5 6 7 8 2 9 5 E  0 1  - 0 . 8 3 9 2 6 4 l E  0 2  
6  •  0  0 .  5 9 8 5 2 7 3 E  0 1  - 0 . 8 1 3 0 3 9 9 E  0 2  
7 .  0  0 .  6 2 4 5 9 6 9 E  0 1  - 0 . 7 8 2 7 2 0 9 E  0 2  
8 ,  0  0 ,  6 4 9 3 3 1 0 E  0 1  - 0 . 7 5 4 5 8 3 9 E  0 2  
9 .  0  0 .  6 7 6 2 2 3 9 E  0 1  - 0 . 7 3  1 1 9 0 8 E  0 2  
1 0 .  0  0 .  7 1  8 2 6 9 5 E  0 1  - 0 . 7 1 6 6 4 4 1 E  0 2  
1  1  •  0  0 .  8 8 4 9 4 6 5 E  0 1  - 0 . 7 5 7 0 7 3 8 E  0 2  
1 2 .  0  0 .  9 5 1 8 4 3 8 E  0 1  - 0 . 7 5 5 5 8 8 2 E  0 2  
0 . 5 0 8 9 1 8 8 E  0 0  
0 . 3 6 0 7 8 7 3 E  0 0  
0 . 2 7 6 6 0 1 6 E  0 0  
0 . 2 2 5 5 9 5 2 E  0 0  
0 . 1 9 2 4 2 0 0 E  O C  
0 . 1 6 9 3 0 3 1 E  0 0  
0 . 1 5 1 0 7 0 8 E  0 0  
0 .  1 2 6 5 1 4 3 E  0 0  
0 . 9 3 2 5 2 6 0 E - 0 1  
0 .  8 0 3 0 3 7 9 E - 0 1  
0 . 5 5 7 0 0 6 4 E  0 0  
0 . 4 0 3 7 3 9 9 E  0 0  
0 . 3 1 1 9 4 6 1 E  0 0  
0 . 2 5 4 0 5 6 5 E  0 0  
0 . 2 1 5 6 5 9 3 E  0 0  
0 .  1 B 8 6 1 5 3 E  0 0  
0 . 1 6 8 4 0 5 0 E  0 0  
0 . 1 5 0 6 4 0 0 E  0 0  
0 . 1 1 0 1 0 7 4 E  0 0  
0 . 9 2 9 8 6 9 4 E - 0 1  
0 .  4 1 1 2 C 2 3 E  0 0  - 0 . 0 0 0 7 8  2  
0  .  2 6 3 8 8 8 6 E  0 0  0 . 0 0 0 1 7  4  
0 .  1 8 9 8 9 3 9 E  0 0  - 0 . 0 0 4 1 5  5  
0 .  1 5 0 2 0 4 5 E  0 0  - 0 . 0 0 1 7 5  4  
0  .  1 2 7 3 8 1 6 E  0 0  0 . 0 0 5 8 9  4  
0 .  1  1 3 4 3 3 3 E  0 0  0 . 0 0 0 8 1  6  
0 .  1 0  3 9 6 8 6 E  0 0  0 . 0 0 2 1 2  4  
0 .  9 1 1 3 6 3 6 E -- 0 1  0 . 0 0 1 2 1  4  
0 .  6 5 3 3 4 C 2 E - 0 1  - 0 . 0 0 6 2 9  4  
0  .  5 4 8 0 3 8 6 E - 0 1  0 . 0 0 3 7 1  8  
0 .  4 2 2 1 8 7 6 E  0 0  - 0 . 0 0 1 3 7  3  
0  .  2 7 1 0 1  4 2  E  0 0  0 . 0 0 0 3 2  2  
0 .  1 9 4 1 5 6 8 E  0 0  - 0 . 0 0 3 8 3  4  
0 .  1 5 2 4 6 7 0 E  0 0  - 0 . 0 0 0 8 9  4  
0 .  1 2 8 4 5 4 9 E  0 0  0 . 0 0 5 8 4  6  
0 .  1 1 3 7 9 6 5 E  0 0  0 . 0 0 0 6 0  2  
0 ,  1 0 4 5 6 5 0 E  0 0  - 0 . 0 0 0 4 9  4  
0 .  , 9 8 1 1 1 5 1 E  - 0 1  - 0 . 0 0 0 9 8  3  
0 . 7 2 8 6 7 1 6 E  - 0 1  - 0 . 0 0 7 7 1  7  
0 .  , 5 9 6 4 8 0 9 E  - 0 1  0 . 0 0 0 3 8  1  
Table B3 (Continued) 
K 2 =  4 . 0  S D 2 = 5  . 0  
3 . 0  0 .  4 4 3 9 5 9 4 E  0 1  - 0 .  7 4 0 2 7 9 8 &  0 2  
4 , 0  0 , 4 0 9 5 6 2 3 E  0 1  - 0 , 7 7 4 1 9 6 0 F .  0 2  
5 . 0  0 . 5 2 2 0 4 1 9 e  0 1  - 0  .  7 6 8 4  3 9 3 H  0 2  
6 .  0  0 . 5 4 6 8 9  7 0 E  0 1  - 0 .  7 4 7 1 7 8 8 E  0 2  
7 .  0  0 . 5 6 7 4 9 3 6 E  0 1  - 0 . 7 2 1 8 0 7 1 E  0 2  
6 .  0  0 . 5 8 5 7 0 3 8 E  0 1  - 0 . 6 9 7 4 7 1 5 E  0 2  
9 . 0  0 . 6 0 3 6 8 9 9 E  0 1  - 0 . 6 7 6 1  1  0 5 E  0 2  
1 0 . 0  0 . 6 2 4 9 7 3 2 E  0 1  - 0 . 6 5 8 2 9 7 9 E  0 2  
1 1 . 0  0 . 6 8 3 7 8 5 3 E  0 1  - 0 . 6 5 3 2 0 9 7 E  0 2  
1  2 .  0  0 . 8 3 7 0 3 0 0 E  0 1  - 0 . 7 0 2 0 4 1 6 E  0 2  
K 2 =  4 . 0  S 0 2 = * * *  
3 .  0  0 . 3 9 4 8 7 8 0 E  0 1  - 0 . 6 2 6 6 2 0 6 E  0 2  
4 . 0  0 , 4 2 9 1 7 2 0 E  0 1  - 0 . 6 5 5 3 7 4 6 E  0 2  
5 . 0  0 . 4 5 3 3 6 7 3 E  0 1  - 0 . 6 5 6 1 1 2 2 E  0 2  
6 , 0  0 . 4 7 1 8 5 9 0 E  0 1  - 0 . 6 4 5 7  1 1 8 E  0 2  
7 , 0  0 . 4 0 6 9 5 7 8 E  0 1  - 0 . 6 3 1 8 8 4 2 E  0 2  
8 . 0  0 .  5 0  0 4 5 4 9 E  0 1  - 0 . 6 1 7 7 1 3 9 E  0 2  
9 . 0  0 . 5 1  3 6 8 7 9 E  0 1  - 0 . 6 0  4 4  8 3 6 E  0 2  
1 0 . 0  0 . 5 2 8 5 2 2 2 E  0 1  - 0 . 5 9 2 8 5 1 6 E  0 2  
1 1 . 0  0 . 5 5 3 1 5 4 9 E  0 1  - 0 . 5 8 4 0 3 1 8 E  0 2  
1 2 . 0  0 . 6 6 9 9 8 1 9 E  0 1  - 0 . 6 3 1 5 5 8 5 E  0 2  
0 . 6 3 5 7 6 3 6 E  0 0  0 . 4 4 4 7 4 8 6 E  0 0  - 0 . 0 0 2 7 3  5  
0 . 4 7 5 4 8 2 2 E  0 0  0 . 2 8 9 1 9 6 2 E  0 0  O . C  0 C 2 7  4  
0 • 3 7 1 7 6 2 2 E  0 0  0 . 2 0 8 0 9 i C E  0 0  0 . 0 0 1 4 2  5  
0 . 3 0 2 8 4 8 8 E  O C  0  .  1 6 3 0 7 2 9 E  0 0  - 0 . 0 0 4 2 6  4  
0 . 2 5 5 3 8 9 0 E  0 0  0 . 1 3 6 3 9 4 6 E  0 0  - 0 , 0 0 4 3 2  9  
0 . 2 2 1 5 8 4 0 E  0 0  0 . 1 1 9 8 0 4 9 E  0 0  - 0 . 0 0 3 1 7  8  
0 . 1 9 6 5 2 3 4 E  0 0  0  .  1 0 9 1 8 3 5 E  0 0  0 . 0 0 0 7 8  7  
0 . 1 7 7 1 4 3  9 E  0 0  0 .  1 0 2 5 1  C 3 E  0 0  - 0 . 0 0 0 1 7  4  
0 .  1 5 7 0 8 8 9 E  0 0  0 . 9 8 4 0 3 9 3 E - 0 1  - 0 . 0 0 2 0 3  9  
0 . 1 1 7 3 3 3 8 E  C O  0 , 7 2 5 0 5 1 2 E - 0 1  - 0 . 0  0 9 9 0  9  
0 . 7 6 4 5 2 8 3 E  0 0  0 . 4 9 9 2 0 9 8 E  0 0  - 0 . 0 0 0 3 2  3  
0 . 5 9 7 4 5 8 8 E  0 0  0 • 3 4 0 8 1 8 6 E  0 0  - 0 . 0 0 1 1 4  3  
0 . 4 7 7 9 9 7 5 E  0 0  0 . 2 5 4 1 2 2 7 E  0 0  - 0 . 0 0 1 9 2  3  
0 . 3 9 3 2 1 5 7 E  0 0  0 . 2 0 3 4 9 7 0 E  0 0  - 0 . 0 0 0 3 2  4  
0 . 3 3 2 2 8 8 9 E  0 0  0 .  1 7 2 0 4 9 6 E  0 0  0 . 0 0 1 0 4  5  
0 . 2 8 7 4 3 1 6 E  0 0  0 . 1 5 1 4 5 3 5 E  0 0  0 . 0 0 3 3 3  5  
0 . 2 5 3 6 1 8 9 E  0 0  0 . 1 3 7 5 5 4 6 E  0 0  - 0 , C 0 4 1 0  6  
0  .  2 2 7 3 8 6 5 E  0 0  0  . 1 2 8 0 9 4 4 E  0 0  0 . 0 0 0 3 2  1 0  
0 . 2 0 5 4 2 9 8 E  0 0  0 . 1 2 2 0 6 1 4 E  0 0  - 0 . 0 0 0 2 3  9  
0 .  1 6 0 7 2 8 0 E  0 0  0 .  1 0 0  3 6 0 2 E  0 0  - 0 . 0 0 1 3 6  8  
Table B3 (Continued) 
B D  B  ( F R E Q U E N C Y )  A R G < Z / Z O » ( D E G )  
K 2 =  5 .  0  S 0 2  =  0  . 5  
3 . 0  0 . 5 2 7 9 1 6 2 E  0 1  - 0 .  9 1  3 6 0 1  5 E  0 2  
4 . 0  0 . 5 9 7 8 7 3 7 E  0 1  - 0 . 9 5 8 3 5 9 5 E  0 2  
5 .  0  0 .  6 5  I  5 9 4 7 E  0 1  - 0 .  9 4  7 8 3 6 8 E  0 2  
6 . 0  0 . 6 9 7 4 4 1 4 E  0 1  - 0 . 9 1 7 0  3 0 3 E  0 2  
7 . 0  0 . 7 4 1 4 4 4 5 E  0 1  - 0 . 8 8 3 7 8 4 3 E  0 2  
a .  0 0 . 7 9 0 4 6 6 7 E  0 1  - 0 . 8 5 6 7 3 0 7 E  0 2  
9 . 0  0  .  8 6  3  0  9  5 0 E  0 1  - 0 . 8 4 4 3 8 5 5 E  0 2  
1 0 . 0  0 . 1 0 2 5 4 8 8 E  0 2  - 0 . 8 6 0 3 9 4 4 E  0 2  
1 1 . 0  0 . 1 1 2 9 2 4 6 E  0 2  - 0 . 8 5 8 8 3 1 6 E  0 2  
1 2 . 0  0 .  1 2 1 0 4 6 4 E  0 2  - 0 . 8 5 1 1 5 8 4 E  0 2  
K 2 =  5 .  0 S D 2 = 1  . 0  
3 . 0  0 . 5 1  1 5 1  9 2  E  0 1  - 0 . 8 8 2 2 8 7 1 E  0 2  
4 . 0  0 . 5 7 5 9 4 5 9 E  0 1  - 0 . 9 2 4 4 6 8 2 E  0 2  
5 . 0  0 . 6 2 4 5 6 5 5 E  0 1  - 0 . 9 1 3 4 0 3 3 E  0 2  
6 .  0 0 . 6 6 4 5 0 2 7 E  0 1  - 0 . 8 8 2 8 0 4 0 E  0 2  
7 . 0  0 . 7 C 1 2 5 5 8 E  0 1  - 0 . 8 4 9 3 2 9 5 E  0 2  
8 . 0  0 . 7 4 1 0  1 1 2 E  0 1  - 0 . 8 2 0 4 4 6 0 E  0 2  
9 .  0  0 . 7 9 6 0 0 7 3 E  0 1  - 0 . 8 0 3 4  0 6 7 E  0 2  
1 0 . 0  0 . 9 5 1 7 9 8 I E  0 1  - 0 . 8 2  5 0 2 8 2 E  0 2  
1 1 . 0  0 .  1 0 5 1 8 6 3 E  0 2  - 0 . 8 2  4 4  7 7 5 E  0 2  
1 2 .  0  0 .  1 1 1 8 3 2 8 E  0 2  - 0 . 8 1 3 6 5 0 8 E  0 2  
M A G 1 ( Z / Z 0 >  M A G 2 ( Z / Z 0 l  A N G - D I F F  I T M  
0 .  4 3 2 1 4 6 3 E  0 0  0  . 3 9 5 6 2 7 0 E  0 0  - 0 .  0 0 0 7 2  8  
0 .  2 9 3 2 3 2 2 E  0 0  0  . 2 5 6 5 9 5 0 E  0 0  - 0 .  0 0 1  1 0  7  
0 .  2 2 1 1 1 5 4 E  0 0  0  . 1 8 7 8 6 3 6 E  0 0  0 .  0 0 0 6 6  2  
0 .  1 8 0 2  8 9  7 E  0 0  0  . 1 5 1 0 2 2 1 E  0 0  0 .  C C 0 1 7  3  
0 .  1 5 4 6 7 0 5 E  0 0  0  •  1 2 9 2 8 3 8 E  0 0  0 .  0 0 3 8 9  5  
0 .  1 3 6 0 3 9 8 E  0 0  0  .  1  1 4 4 5 9 2 E  0 0  0 .  0 0 0 5 3  5  
0  .  1  1 7 3 3 9 6 E  0 0  0  . 9 9 9 9 8 7 7 E  - 0 1  0 .  0 0 2 0 1  9  
0 .  8 5 5 2 7 6 0 E  - 0  1  0  . 7 2 8 2 0 1 9 E  - 0 1  0 .  0 0 0 8 7  1 0  
0  .  6 9 7 8 5 7 1 E  - 0 1  0  . 5 8 3 2 8 9 2 E  - 0 1  —  0  •  0 0 2 8 4  7  
0 .  6 0 4 3 4 7 2 E  - 0 1  0  . 4 9 8 1 1 4 9 E  - 0 1  —  0 .  0 0 0 6 0  8  
0 , 4 6 9 0 9 4 5 5  C O  
0 . 3 2 5 6 5 1 6 E  0 0  
0 . 2 4 7 4 7 8 0 E  0 0  
0 . 2 0 1 9 5 6 2 E  0 0  
0 . 1 7 2 9 5 9 I E  0 0  
0 . 1 5 2 1 4 5  7 Ê  0  0  
0 . 1 3 3 7 6 0 5 E  0 0  
0 . 9 8 5 4 9 6 O E - C I  
0 , 7 9 4 3 5 7 1 E - C 1  
0 . 6 9 2 6 5 8 4 E - 0 1  
0 . 3 9 9 6 5 3 3 E  0 0  
0 . 2 5 6 5 5 4 6 E  0 0  
0 » 1 8 5 3 8 1 8 E  0 0  
0 . 1 4 7 7 0 9 5 E  0 0  
0 . 1 2 6 0 3 7 1 E  0 0  
0 . 1 1 2 1 6 9 6 E  0 0  
0 . 1 0 1 0 3 0 6 E  0 0  
0 . 7 5 3 5 5 8 3 E - 0 1  
0 . 5 8 9 0 2 2 0 E - 0 1  
0  . 5 0 2 7 7 6 7 E - 0 1  
- 0 . 0 0 0 2 1  3  
0 . 0 0 0 7 2  3  
- 0 . 0 0 2 4 6  6  
- 0 . 0 0 3 1 1  6  
0 . 0 0 4 4 3  4  
- 0 . 0 0 3 5 6  f t  
- 0 . 0 0 0 3 2  5  
-0.00006 6 
- 0 . 0  0 8 0 9  6 
- 0 . 0  0  3 8 9  7  
Table B3 (Continued) 
K 2 =  5 .  0  5 6 2 = 2 . 0  
3 .  0  0 .  4 8 3 6 7 5 4 e  0 1  - 0  .  8 2 5 1  0 7 0 E  0 2  
4 .  0  0 .  5 3 9 7 7 8 7 E  0 1  —  0  •  8 6 2 3 3 4 1 E  0 2  
5 .  0  0 .  5 8 0 7 6 4  I E  0 1  — 0  .  8 5 1 1 5 5 1 E  0 2  
6 .  0  0 .  6 1 3 4 4 2 1 E  0 1  - 0  .  8 2 1 9 1 2 5 E  0 2  
7 ,  0  0 .  6 4 2 0 3 6 6 E  0 1  - 0  .  7 0 9 4  3 8 0 E  0 2  
a *  0  0 .  6 7 0 0 0 0 0 E  0 1  — 0  .  7 5 7 9 8 2 6 E  0 2  
9 .  0  0 .  7 0 4 6 2 7 6 E  0 1  —  0  •  7 3  7 6 5 5 9 5  0 2  
1 0 .  0  0 .  8 2 1 5 0 2  I E  0 1  — 0  «  7 5 1 2 6 2 8 E  0 2  
1 1 ,  0  0 .  9 4 2 3 5 0 9 E  0 1  - 0 .  7 6  9 5 1 5 2 E  0 2  
1 2 .  0  0 .  9 9 9 9 9 0 0 E  0 1  —  0  .  7 6  0 0 1 3 6 E  0 2  
K 2  =  5 .  , 0  S 0 2  =  3 . 0  
3 .  0  0 .  4 6 1 1 9 9 1 E  0 1  —  0  .  7 7 5 8 8 6 4 E  0 2  
4 .  0  0 .  5 1  1 0 9  3 9 F .  0 1  - 0 .  8 O 0 9 9 6 O E  0 2  
5 .  0  0 . 5 4 7 0 8 5 8 E  0 1  —  0  .  7 9 8 5 6 7 5 E  0 2  
6 .  0  0 .  5 7 5 0 9 4 8 E  0 1  - 0  .  7 7 1 7 9 9 8 E  0 2  
7 .  , 0  0 ,  , 5 9 8 8 8 6 5 E  0 1  - 0 ,  7 4  1 7 3 2 2 E  0 2  
8 .  0  0 .  . 6 2 1 0 1 7 9 E  0 1  — 0  .  7 1  4 0 9 7 7 E  0 2  
9 ,  , 0  0 .  . 6 4  5  5  7  0  0 E  0 1  - 0 ,  , 6 9 0 9 3 0 9 E  0 2  
1 0 ,  ,  0  0 ,  . 6 8 8 2 4 5 5 E  0 1  — 0  «  1 6 7 6 7 5 6 3 E  0 2  
1  1  <  ,  0  0 ,  ,  8 5 9 9 8 9 4 E  0 1  - 0  •  7 2 3 0 2 9 5 E  0 2  
1 2 .  0  0 .  ,  9 1  8 Ô 2 0 9 E  0 1  —  0  1  ,  7 1 9 7 0 2 5 E  0 2  
0 . 5 3 4 8 4 8 6 E  0 0  
0 . 3 8 3 4 2 2 1 E  C O  
0 . 2 9 4 6 9 2 2 E  0 0  
0 . 2 3 9 6 8 0 4 E  0 0  
0 . 2 0 3 4 7 4 1 E  C O  
0 . 1 7 5 4 9 7 3 E  0 0  
0 . 1 5 8 3 7 2 5 E  0 0  
0 . 1 2 7 1 5 6 4 E  0 0  
0 . 9 7 1  6 0 3 7 E - 0 1  
0 . 8 3 9 9 0 4 5 E - 0 1  
0 . 5 9 0 0 3 4 7 E  0 0  
0 . 4 3 2 5 6 9 0 E  0 0  
0 . 3 3 4 6 6 5 8 E  0 0  
0 . 2 7 1 5 5 3 4 E  0 0  
0 . 2 2 8 9 8 4 2 E  0 0  
0 . 1 9 8 9 3 8 5 E  0 0  
0 . 1 7 6 5 0 0 1 E  0 0  
0 . 1 5 7 0 5 8 9 E  0 0  
0 . U 4 3 8 6 9 E  0 0  
0 . 9 7 5 5 3 1 3 E - 0 1  
0  . 4 0 9 5 6 9 4 E  0 0  - 0 . 0 0 0 1 7  2  
0 . 2 6 0 4 g 6 2 E  0 0  - 0 . 0 0 0 9 9  1  
0 .  1 8 5 7 9 6 4 E  0 0  0 . 0 0 0 1 1  3  
0  . 1 4 5 8 7 1 4 E  0 0  - 0 . 0 0 3 6 2  3  
0 . 1 2 3 1 3 4 9 E  0 0  - 0 . 0 0 4 7 5  4  
0 . 1 0 9 2 0 C 3 E  0 0  0 .  0 0 0 3 8  0  
0 . 1 0 C 7 7 1 4 E  0 0  - 0 . 0 0 8 4 2  7  
0 . 8 5 9 3 4 6 4 E -• 0 1  0 . 0 0 1 5 9  7  
0 . 6 2 9 3 6 4 8 E - 0 1  0 . 0 0 2 4 6  1 0  
0 . 5 2 8 3 5 3 9 E - 0 1  - 0 . 0 1 3 2 8  4  
0 . 4 2 0 3 6 1 3 E  0 0  0 . 0 0 0 9 3  2  
0 . 2 6 7 7 5 1 5 E  0 0  - 0 . 0 0 3 4 9  3  
0  . 1 9 0 2 0 9 8 E  0 0  0 . 0 0 1 3 1  3  
0 . 1 4 8 3 1 2 4 E  0 0  - 0 . 0 0 5 6 3  3  
0 . 1 2 4 1 6 6 2 E  0 0  0 . 0 0 1 6 3  4  
0 .  1 0 9 6 1 2 6 E  0 0  - 0 . 0 0 0 3 8  3  
0  .  1 0 0 6 9 7 3 E  0 0  - 0 . 0 0 0 9 3  5  
0 . 9 5 3 2 6 0 7 E  - 0 1  0 . 0  7  
0 . 6 9 8 0 8 3 0 E  - 0 1  - 0 . 0 0 3 1 1  3  
0 . 5 7 7 2 C 7 5 E  - 0 1  - 0 . 0 0 1 3 1  4  
Table B3 (Continued) 
K 2 =  5 7 3  5 0 2 = 5 . 0  
3 .  0  0  . 4 2 7 0 2 4 7 E  0 1  - 0  . 6 9 7 5 0 1  5 E  0 2  
4 .  0  0  . 4 6 8 4 1 7 6 E  0 1  - 0  . 7 2 5 0 1 6 3 E  0 2  
5 .  0  0  . 4 9 7 8 3 1 7 E  0 1  - 0  .  7 1  7 1 6 9 8 E  0 2  
6  .  G  0  . 5 2 0 3 7 6 7 E  0 1  - 0  . 6 9 6 0 1 7 5 E  0 2  
7 .  0  0  . 5 3 8 9 8 8 3 E  0 1  - G  . 6 7  1 9 2 1 l E  0  2  
8 .  0  0  . 5 5 5 7 5 5 5 E  0 1  - 0  . 6 4 8 9 6 0 3 E  0 2  
9 .  0  0  . 5 7 2 6 8 9 9 E  0 1  - 0  . 6 2  8 8 9 5 9 E  0 2  
1  0 .  0  0  . 5 9 4 6 0 2 2 E  0 1  " 0  . 6 1  2 2 1  7 1 E  0 2  
1  1  .  0  0  . 7 3 0 4 7 5 6 E  0 1  - 0  . 6 4 2 9 7 7 0 E  0 2  
1 2 .  0  0  . 8 0 3 6 5 3 2 E  0 1  - G  •  6 5 8 6 1 9 2 E  0 2  
l < 2 =  5 . 0  
3 . 0  
4 .  G  
5 . 0  
6. 0 
7 . 0  
8.0 
9 .  0  
10 .0  
11.0 
1 2 . 0  
S D 2 = * * *  
0 . 3 7 5 8 2 6 8 E  0 1  
0 . 4 0  6 1 1 9 9 E  0 1  
0 . 4 2 7 7 3 1 7 E  0 1  
0 . 4 4 4 5 1 7 8 E  0 1  
0 . 4 5 8 9 3 4 5 E  0 1  
0 . 4 7 2 6 7 7 3 Ê  0 1  
0 . 4 8 8 2 5 0 4 E  0 1  
0 . 5 1 4 1 1 4 7 E  0 1  
0 . 6 1 4 5 4 9 9 E  0 1  
0 . 6 7 4 4 6 5 0 E  0 1  
• 0 . 5 7 6 2 1 2 6 E  0 2  
• 0 . 5 9 8 8 3 6 5 E  0 2  
• 0 . 5 9 8 2 2 8 3 E  0 2  
- 0 . 5 8 8 7 2 9 4 E  0 2  
• 0 . 5 7 6 6 2 0 8 e  0 2  
• 0 . 5 6 4 5 8 0 7 E  0 2  
• 0 . 5 5 3 6 7 4 0 E  0 2  
- 0 . 5 4 6 2 3 5 7 E  0 2  
- 0 . 5 7 7 3 9 7 9 E  0 2  
• 0 . 5 9 5 B 0 4 9 E  0 2  
0  . 6 7 6 0 9 2 5 E  0 0  0  . 4 4 2 9 8 8 3 F  0 0  0 . 0 0 0 9 8  5  
0  . 5 1 0 3 3 5 O E  0 0  0  .  2 8 6 7 0 6 3 E  0 0  0 . 0 0 0 3 4  1  
0  . 3 9 9 0 5 0 2 E  0 0  0  . 2 0 5 3 4 4 9 E  0 0  - O . O O O f l l  4  
0  • 3 2 3 5 6 G 8 E  0 0  0  . 1 6 0 1 3 0 3 E  0 0  0 . 0 0 1 0 4  3  
0  . 2 7 1 0 0 4 4 E  0 0  0  . 1 3 3 3 0 9 5 E  0 0  0 . 0 0 1 0 8  7  
0  . 2 3 3 2 8 0 5 E  0 0  0  . 1 1 6 6 1 O O E  0 0  - 0 . 0 0 7 7 1  7  
0  . 2 0 5 3 1 4 1 E  0 0  0  . 1 0 6 0 0 9 9 E  0 0  - 0 . 0 0 1 0 4  7  
0  . 1 8 3 7 0 2 5 E  0 0  0  . 9 9 7 1 4 7 6 E - 0 1  - 0 . 0 0 5 6 3  8  
0  . 1 4 7 2 8 8 9 E  0 0  0  . 8 6 8 2 2 9 9 E  - 0 1  - 0 . 0 0 2 4 6  9  
0  .  1 2 2 6 3 1  5 E  0 0  0  . 7 0 4 7 2 4 2 E -- 0 1  - 0 . 0 0 8 0 9  8  
0  .  8 0 6 5 4 4 7 E  0 0  0  . 4 9 8 2 4 7 0 E  0 0  0 . 0 0 0 6 0  2  
0  . 6 3 3 5 5 6 9 E  0 0  0  . 3 4 0 5 7 3 C E  0 0  0 . 0 0 1 3 1  4  
0  . 5 0 6 2 5 2 6 E  0 0  0  . 2 5 4 2 9 2 5 E  0 0  - 0 . 0 0 1 4 2  3  
0  . 4 1 4 8 7 7 5 E  0 0  0  . 2 0 3 8 9 9 9 E  0 0  0 . 0 0 0 8 2  4  
0  . 3 4 6 7 2 9 0 E  0 0  0  . 1 7 2 4 9 7 0 E  0 0  - 0 . 0 0 1 4 8  5  
G  . 2 9 9 9 0 1 3 E  0 0  0  . 1 5 2 0 2 6 3 E  0 0  —  0 . 0 0 0 4  6  7  
0  . 2 6 2 7 6 9 0 E  0 0  0  . 1 3 8 3 8 8 0 E  0 0  - 0 . 0 0 2 0  1  5  
0  . 2 3 2 4 1 2 8 E  0 0  0  . 1 2 9 4 2 2 0 E  0 0  0 . 0 0 3 7 5  1 2  
0  • 1 8 9 4 5 5 3 E  0 0  0  . 1 1 0 9 2 6 9 E  0 0  - 0 . 0 0 1 6 5  7  
0  . 1 6 0 8 1 3 7 E  0 0  0  . 9 3 9 7 1 0 7 E  - 0  1  - 0 . 0 0 0 5 5  3  
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appendix c: fortran computer program for electromagnetic 
sounding 
c Table Cl. Fortran computer program for electromagnetic soundings 
C 
c MAIN PROGRAM MAIN 1 
C 
C PURPOSE 
C TO EVALUATE THE REAL AND IMAGINARY COMPONENTS AND THE MAGNITUDE AND 
C ARGUMENT COMPONENTS OF THE MUTUAL COUPLING RATIO OF A GROUND 
C EM SOUNDINGS BY USING A LINEAR DIGITAL FILTER TECHNIQUE, 
C 
C METHOD 
C THE SAMPLED VARIABLE OF AN INDUCTION NUMBER, B IS TRANSFORMED INTO 
C A LOGARITHMIC DOMAIN WHERE THE CONVOLUTION SUMMATION IS PERFORMED WITH 
C FILTER WEIGHTS TO OBTAIN THE COUPLING RATIO, 
C 
















C SUBROUTINE CALL : CONVOL 
C 
:  N U M B E R  O F  A  L A Y E R E D  E A R T H .  
: SOURCE- DETECTOR SEPERATION, DETERMINED AT 100 METERS, 
: RATIO OF RHO TO THE DEPTH OF THE 1ST LAYER. 
SINCE RHO IS FIXED AT 100 METERS. BDN IS INVERSE PROPORTIONAL 
TO THE TOP LAYER THICKNESS. 
;  I N D U C T I O N  N U M B E R .  F U N C T I O N  O F  F R E Q U E N C Y  
B=RHO*( )*F 
: CONDUCTIVITY CONTRAST OF NTH LAYER VS. TOP LAYER. 
: ACTUAL THICKNESS OF THE NTH LAYER. 
: REAL PART OF THE COUPLING RATIO. 
: IMAGINARY PART OF THE COUPLING RATIO. 
: MAGNITUDE OF THE COUPLING RATIO. 
: ARGUMENT OF THE COUPLING RATIO. 






REAL*4 SZANG< 10,24) ,DZANG(7,24) , OZ(24•7),SZ(24,10),C(4),O<4) 
RHO=i 00.0 
DO 5 1=1,4 
C( I»=1.0 
5 0<I) = 0.0 
M=3 
G 
C ITERATION FOR DIFFERENT THICKNESS OF THE SECOND LAYER 
c 
DO 3 KK=1,3 
C 
C ITERATION FOR DIFFERENT CONDUCTIVITY CONTRASTS 
C 
00 4 MM=1,3 
IF (MM-2) 39,40,41 
39 C(2)=3.0 
S02=3.0 
GO TO 51 
4 0  C(2» = 4 . 0  
SD2=3 . 0  
GO TO 51 
41 C(2l=5.0 
SD2=3.0 
51 D O  10 1=1,10 
B D = B D N (  1  )  
DD-RH0/(SD2*BD) 
WRITE (6,24) BD,M,C(2),SD2 
24 FORMAT (lHl,///////20X,•B0=*,F4.1,3X,•M=•.I1.3X••K2=•,F5.2, 
*3X,'S02=',F4.1,//22X.*B*,8X,•REAL(Z/ZO»•,8X,*IM(Z/Z0)'.lOX, 
• • MAG( Z/ZOl* . 9X,'ARG(Z/Z0)*,/) 
Table Cl (Continued) 
C ITERATION FOR DIFFERENT THICKNESS OF THE TOP LAYER 
C 
DO 20 N=1f24 
B=BN( N) 
D(1)=B/BD 




C VARIABLE B IS TRANSFORMED INTO THE LOGARITHMIC DOMAIN TO EVALUATE 






C COUPLING RATIO OF THE HOMOGENEOUS EARTH H 
c id 
Z0=(  . ,-9.)*B+(8.,0.)*B8+(2.,2.)*B8B)* 
•CDEXP((-1.DO,-1.00)*B))/BB 
Z Z B = Z Z * B B  
C 







WRITE (6,34) B,ZZR,ZZI,ZMAG,ZANG 




Table Cl (Continued) 
4  C O N T I N U E  
3  C O N T I N U E  
S T O P  
E N D  
c Table Cl (Continued) 
C 
c 
c MAIN PROGRAM MAIN 2 
C  
C  P U R P O S E  
C  T O  F I N D  T H E  I N D U C T I O N  N U M B E R  ( B ) ,  F U N C T I O N  O F  F R E Q U E N C Y ,  W H E R E  
C  T H E  P H A S E  A N G L E  O F  R E C I V E R  0 1  I S  S A M E  A S  T H A T  O F  T H E  R E C E I V E R  » 2  
C  
C  METHOD 
C  S O L U T I O N  O F  E Q U A T I O N  F ( B » =  A R G ( Z / Z O ) | 2 * B D - A R G { Z / Z O ) 1 B D = 0  I S  D O N E  
C  B Y  M E A N S  O F  M U E L L E R ' S  I T E R A T I O N  M E T H O D .  T H I S  A L G O R I T H M  C O M B I N E S  
C  L I N E A R  I N T E R P O L A T I O N  A N D  I N V E R S E  Q U A D R A T I C  I N T E R P O L A T I O N  W I T H  
C  B I S E C T I O N ,  W H I C H  S T A R T S  A T  T H E  I N I T I A L  B O U N D S  A  A N D  B .  
C  D E S C R I P T I O N  O F  P A R A M E T E R S  
C  E P S  :  I N P U T  V A L U E S  A S  F I R S T  C O N V E R G E N C E  C R I T E R I O N ,  
C  A  R O O T ,  B ,  I S  A C C E P T E D  I F  A B S C B )  I S  L E S S  T H A N  E P S .  
C  N S I G  :  I N P U T  V A L U E  A S  S E C O N D  C O N V E R G E N C E  C R I T E R I O N ,  A  R O O T  ,  B ,  I S  
C  A C C E P T E D  I F  A B S O L U T E ( B )  I S  L E S S  T H A N  I O * * ( - N S I G )  H  
C  A ,  B  ;  O N  I N P U T  A  A N D  B  A R E  I N I T I A L  B O U N D A R Y  S T O R E D  I N  X I  A N D  X 2  w  
C  R E S P E C T I V E L Y ,  S U C H  T H A T  F ( A )  A N D  F ( 8 )  A R E  I N  O P P O S I T E  S I G N .  
C  8  W I L L  C O N T A I N  T H E  B E S T  A P P R O X I M A T I O N .  
C  I T M A X :  M A X I M U M  N U M B E R  O F  I T E R A T I O N .  
C  1 E R  :  E R R O R  P A R A M E T E R  
C  B D  :  R A T I O  O F  A N T E N N A  S E P A R A T I O N  T O  T H E  T H I C K N E S S  O F  U P P E R  L A Y E R .  
C  F O R  F I X E D  S E P A R A T I O N  ( R H O = 1 0 0 ) ,  I T  I S  I N V E R S E  P R O P O R T I O N A L  T O  
C  T H E  D E P T H .  
C  C K  :  C O N D U C T I V I T Y  R A T I O  O F  T H E  F I R S T  L A Y E R  T O  T H E  S E C O N D  L A Y E R .  
C  S D  :  T H I C K N E S S  O F  T H E  S E C O N D  L A Y E R  ( C O A L  S E A M )  
C  X I ,  X 2  ;  C O R R E S P O N D  T O  A .  B  R E S P E C T I V E L Y .  I N I T I A L L Y  G U E S S E D  V A L U E S  A R E  
C  B E I N G  R E A D  
C  
C  S U B R O U T I N E  C A L L  :  F U N C T  
C  
c 
Table Cl (Continued) 
C O M M O N  / C S / C N #  S 0 2  
R E A L * 4  B D ( 1 0 ) / 3 . 0 , 4 . 0 , 5 , 0 , 6 . 0 , 7 . 0 , 8 . 0 , 9 . 0 , 1 0 . 0 , 1 1 . 0 , 1 2 . 0 /  
R E A L * 4  C K ( 3 ) / 3 . 0 , 4 . 0 , 5 . 0 / ,  C N ( 3 )  
R E A L * 4  S O ( 6 ) / 0 . 5 , 1 . 0 , 2 . 0 , 3 . 0 , 5 . 0 , 1 0 . 0 /  
R E A L * 4  X I ( 1 8 , 1 6 ) ,  X 2 ( 1 8 . 1 6 )  
D A T A  R D E L P / Z 3 C 1 0 0 0 0 0 /  
D A T A  Z E R O , H A L F , O N E , T H R E E , T E N / 0 . 0 , . 5 , 1 . 0 , 3 . 0 , 1 0 . 0 /  
C  
C  I N I T I A L  G U E S S  O F  B O U N D A R Y  V A L U E  I S  R E A D  F O R  E V E R Y  D I F F E R E N T  F U N C T I O N  
C  T O  S T O R E  I N  M A T R I X  A R R A Y .  E V E R Y  T W O  C A R D S  C O N T A I N  T H E  I N I T I A L  G U E S S  
C  F O R  E A C H  C O N D U C T I V I T Y  R A T I O .  
C  
R E A D  ( 5 , 1 4 0 )  (  ( ( X l (  I , J ) , X 2 ( 1 , J ) ) , J = 1 , 1 6 )  , 1  =  1 ,  1 6 )  
M = 3  
N S A = 1 0  
D O  1 0 5  1 = 1 , M  
1 0 5  C N ( I ) = 1 . 0  
N S  I G = 4  
N C C U N T = 0  
N l = l  
W R I T E  ( 6 , 1 1 1 )  
M X = 0  
C  
C  L O O P  F O R  C O N D U C T I V I T Y  I T E R A T I O N  
C  
D O  1 0 1  L = l , 3  
C N ( 2 ) = C K ( L )  
C  
C  L O O P  F O R  D I F F E R E N T  C O A L  S E A M  I T E R A T I O N .  
C  
D O  1 0 2  M M = 1 , 6  
M X = M X + 1  
S D 2 = S D ( M M )  
I F  ( N C O U N T . N E .  N l * 3 0 )  G O  T O  2  
E P S = 0  . 0 0 1  
Table Cl (Continued) 
W R I T E  ( 6 * 1 1 1 )  
N l = N l + l  
2  W R I T E  ( 6 , 1 3 0 )  C N ( 2 ) ,  S D 2  
W R I T E  ( 7 . 1 3 0 )  C N ( 2 ) .  S D 2  
L O O P  F O R  D I F F E R E N T  D E P T H  I T E R A T I O N  
D O  1 0 3  N = l t N S A  
I F  ( N . G E .  9 )  E P S = 0 . 0 Û 0 1  
I C  =  0  
I E R = 0  
I T M A X = 2 0  
T = T E N * * ( - N S I G )  
N N = N + 3  
A = X 1 (  M X t N N )  
B = X 2 ( M X t N N )  
Z A N G = 0 « 0  
Z M A G l - O . O  
Z M A G 2 = 0 « 0  
D Z A = 0 . 0  
D Z B = 0  . 0  
C A L L  F U N C T C A « N f Z A N G « Z M A G l , Z M A G 2 , D Z A )  
C A L L  F U N C T ( B , N , Z A N G , Z M A G 1 . Z M A G 2 . D Z B )  
3  F A = D Z A  
F B = D Z B  
F I R S T  C O N V E R G E N C E  C R I T E R I O N  
I F  ( A B S ( F A )  . G T .  E P S  . A N D .  A B S ( F B )  . G T .  
I F  ( A B S ( F A )  . G T .  A B S ( F 8 ) )  G O  T O  8 0  
F B = F A  
B = A  
G O  T O  8 0  
8  I F ( F A * F B )  5 . 9 0 , 4  
E P S ) G O  T O  
Table Cl (Continued) 
C  C H Ù O S É  N E X T  V A L U E  I N  t H É  S T O R E D  A R R A Y  T O  S A T I S F Y  T H É  é O U N O A R Y  C O N D I T I O N  
C  I F  F A * F B > 0  
C  
4  I F  ( F B  . L T .  0 . 0 )  G O  T O  7  
I F  ( N N  . E Q ,  1 )  G O  T O  9 5  
N N = N N - 1  
A = X 1 ( M X . N N )  
C A L L  F U N C T ( A , N , Z A N G t Z M A G i , Z M A G 2 , D Z A )  
G O  T O  3  
7  I F  ( N N  . G T .  N S A + 5 )  G O  T O  9 5  
N N = N N + l  
a = X 2 ( M X . N N )  
C A L L  F U N C T ( B , N . Z A N G . Z M A G 1 , Z M A G 2 , D Z B )  
G O  T O  3  
5  C = A  
F C = F A  
D = B - A  
E = D  
1 0  I F  ( A B S ( F C ) . G E . A B S C F B ) )  G O  T O  1 5  
A = B  
B = C  
C  =  A  
F A = F B  
F B = F C  
F C = F A  
1 5  T 0 L = A M A X 1 ( T . ( R D E L P + R O E L P ) * A B S ( B ) )  
C  
C  T E S T  F O R  F I R S T  C O N V E R G E N C E  C R I T E R I O N  
C  
I F  ( A B S ( F 0 ) , L E . E P S )  G O  T O  8 0  
R M = ( C - B ) * H A L F  
C  
C  T E S T  F O R  S E C O N D  C O N V E R G E N C E  C R I T E R I O N  
C  
I F  ( A B S ( R M ) . G T . T O L )  G O  T O  2 0  
î 
Table Cl (Continued) 
G O  T O  8 0  
2 0  I F  ( A B S ( E ) . L T . T O L . O R . A B S ( F A ) . L E . A B S C F B ) )  G O  T O  6 0  
S = F B / F A  
I F  ( A - C )  3 0 , 2 5 , 3 0  
C  
C  L I N E A R  I N T E R P O L A T I O N  
C  
2 5  P = ( R M + R M ) * S  
Q = O N E - S  
G O  T O  3 5  
C  
C  I N V E R S E  Q U A D R A T I C  I N T E R P O L A T I O N  
C  
3 0  Q = F A / F C  
R = F B / F C  
R O N E = R - O N E  
P = S * (  ( R M + R M ) * Q * ( Q - R  ) - (  B - A  )  » R O N E  )  
Q = ( Q - O N E ) * R O N E * ( S - O N E )  M  
3 5  I F  ( P - Z E R O ) 4 0 , 4 0 , 4 5  
4 0  P = - P  
G O  T O  5 0  
4 5  Q = — Q  
5 0  S = E  
E = D  
I F  ( ( P + P ) . G E . T H R E E * R M * Q - A B S ( T a L * Q ) . A N O . P . G E . A B S ( H A L F » S * 0 ) ) G 0  T O  5 5  
D=P/Q 
G O  T O  6 5  
5 5  E = R M  
0 = E  
G O  T O  6 5  
6 0  E = R M  
0 = E  
6 5  A = B  
F A = F B  
I F  ( A B S ( D )  . G T .  T O L )  G O  T O  7 0  
Table Cl (Continued) 
. G T . Z E R O )  T E M P = T O L  
7 0  
7 5  
80 
8 5  
9 0  
9 5  
T E M P = - T O L  
I F  ( R M  
G O  T O  7 5  
T E M P = D  
I C = I C  +  l  
IF (IC.LE.ITMAX) GO TO 85 
I E R = 1 2 9  
ITMAX=IC 
I F  ( 1 E R . N E . 0 )  G O  T O  9 0 0 0  
G O  T O  9 0 0 5  
B = 8 + T E M P  
C A L L  F U N C T C B . N . Z A N G . Z M A G l , Z M A G 2 . D Z 8 )  
F B = D Z B  
F B C = F B * F C  
I F ( F B C )  1 0 , 1 0 , 5  
I F  ( F A  . E Q .  Z E R O )  B = A  
G O  T O  8 0  
I E R = 1 3 0  
I C  =  1  
G O  T O  8 0  
9 0 0 0  C O N T I N U E  
W R I T E  ( 6 . 1 0 0 )  B D ( N ) ,  
W R I T E  ( 7 . 1 2 0 )  B D ( N ) ,  
N C 0 U N T = N C C U N T + 1  
G O  T O  1 0 3  
9 0 0 5  C O N T I N U E  
W R I T E  ( 6 , 1 1 2 )  B D ( N ) .  
W R I T E  ( 7 . 1 2 2 )  B D ( N ) ,  
N C 0 U N T = N C C U N T + 1  
i l l  F O R M A T  ( I H l , / / / / / / / 2 1 X , ' 8 D « , 4 X , ' B ( F R E Q U E N C Y ) ' , 4 X . ' A R G ( Z / Z O ) ( D E G ) • .  
* 2 X , ' M A G 1 ( Z / Z 0 ) ' , 6 X , • M A G 2 ( Z / Z O ) • , 5 X . • A N G - D I F F • • 2 X , • I T M * )  
F 0 R M A T ( F 4 . l ,  4 E 1 5 . 7 . F I 0 . 5 . 1 4 )  





Z A N G ,  
Z A N G ,  
Z A N G ,  
Z A N G .  
Z M A G l .  
Z M A G l .  
Z M A G l ,  
Z M A G l .  
Z M A G 2 .  
Z M A G 2 .  
Z M A G 2 ,  
Z M A G 2 ,  
F B ,  
F B ,  
F B ,  
F B ,  
I T  M A X  
I T M A X  
I T M A X  





F O R M A T  ( 2 X , * E ' , 1 8 X , F 4 , 1 , 4 E 1 6 . 7 , 2 X , F 8 . 5 , 2 X . I 2 )  
F O R M A T  ( 2 1 X . F 4 . 1 . 4 E 1 6 . 7 , 2 X , F a . 5 , 2 X , I 2 )  
Table Cl (Continued) — 
i  3 6  f o A M A T  ( 1 X , / É 0 X T » K 2 = ' , F 4 . 1 , 3 X , ' S D 2 = ' , F 3 . 1 )  
1 4 0  F O R M A T  ( 1 6 F 5 » 2 )  
1 0 3  C O N T I N U E  
1 0 2  C O N T I N U E  
1 0 1  C O N T I N U E  
S T O P  
E N D  
vo 
CTable Cl (Continued) 
C . .  
c 
c  S U B R O U T I N E  F U N C T  
C  
C  P U R P O S E  
C  T O  S O L V E  T H E  I N T E G R A L  E Q U A T I O N  O F  C O U P L I N G  R A T I O  O F  W H I C H  I N T E G R A N D  
C  I S  A  C O M P L E X  F U N C T I O N  O F  B I F R E Q U E N C Y I .  T H E  V A L U E  B  I S  P A S S E D  F R O M  T H E  
C  M A I N  P R O G R A M  T O  E V A L U A T E  T H E  C O R R E S P O N D I N G  V A L U E .  B O T H  O F  A R G U M E N T  
C  A N D  M A G N I T U D E  O F  C O U P L I N G  R A T I O  A T  A N T E N N A  0 1  A R E  P A S S E D  T O  M A I N  
C  P R O G R A M  
C  
C  M E T H O D  
C  L I N E A R  D I G I T A L  F I L T E R  T E C H N I Q U E  I S  U S E D  T O  C A L C U L A T E  T H E  C O U P L I N G  R A T I O  
C  O F  T H E  M U L T I L A Y E R E D  E A R T H  W H I C H  H A S  A  R E C U R S I O N  F O R M U L A  I N  
C  T H E  S U B R O U T I N E  C O N V O L .  
C  
C  P A R A M E T E R S  
C  Z O  :  C O U P L I N G  R A T I O  O F  H O M O G E N E O U S  E A R T H  
C  Z Z  :  C O U P L I N G  R A T I O  O F  M U L T I L A Y E R E D  E A R T H  E X C E P T  T H E  H O M O G E N E O U S E  
C  E F F E C T  
C  
C  Z Z O  :  T O T A L  C O U P L I N G  R A T I O .  
C  
C  S U B R O U T I N E  C A L L  :  C O N V O L  
C  
C C  
S U B R O U T I N E  F U N C T I B . N t Z A N G . Z M A G I . Z M A G 2 . D 2 )  
C O M P L E X E S  C 8 , Z Z , Z 0 , Z Z 0 , Z Z B  
C O M M O N  / B C O / D . C t M  
C O M M O N  / C S / C A . S 0 2  
R E A L * *  8 D N ( 1 0 ) / 3 . 0 , 4 . 0 , 5 , 0 , 6 . 0 , 7 . 0 , 8 , 0 , 9 , 0 , 1 0 . 0 , 1 1 . 0 , 1 2 . 0 /  
R E A L * 4  C A ( 3 ),0(3) , Z A ( 2 ) , Z M < 2 ) , C ( 3 )  
I N T E G E R * 4  N  
Table Cl (Continued) 
N N = N  
M = 3  
R H O = l  0 0 .  
0 0  2 2  1 = 1 . 3  
2 2  C ( I ) = C A C I )  
D O  1  1 = 1 , 2  
I F  ( I - l )  1 0 . 1 0 . 2 0  
C  
C  C A L C U L A T I O N  O F  C O U P L I N G  R A T I O  ( Z / Z O )  A T  T H E  F I R S T  A N T E N N A .  
C  
1 0  B D = B O N ( N N )  
G O  T O  1 1  
C  
C  C A L C U L A T I O N  O F  C O U P L I N G  R A T I O  ( Z / Z O )  A T  T H E  S E C O N D  A N T E N N A  S E P A R A T E D  
C  T W I C E  A S  F A R  A S  T H E  F I R S T  A N T .  F R O M  T H E  S O U R C E .  
C  
2 0  B D = 2 « B D N { N N )  
1 1  D D = R H O / (  S D 2 » B D )  
D ( U = B / B D  0 0  
D ( 2 ) = D ( 1 J / D D  
Z Z = ( 0 . 0 . 0 . 0 )  
C B = B  
C  
C  C O N V O L U T I O N  S U M  I S  P E R F O R M E D  I N  T H E  S U B R O U T I N E  C O N V O L o  
C  
C A L L  C O N V C L ( A L O G ( B ) , Z Z )  
B B = B * B  
B B B = B * B B  
Z 0 = ( ( 0 . « - 9 . ) - ( ( 0  é , - 9 . )  +  ( 9 . , - 9 . ) * B + ( 8 . , 0 . > * B B + ( 2 . , 2 . ) * B B B ) *  
* C D E X P ( ( - 1 . D 0 , - 1 . D 0 ) * B ) ) / B B  
Z Z B = Z Z * B B  
Z Z O = Z O - Z Z B  
Z Z R = R E A L ( Z Z O )  
Z Z I = A I M A G ( Z Z O )  
Z M ( I ) = S Q R T ( Z Z R * Z Z R + Z Z I * Z Z I )  
Table Cl (Continued) 
Z A ( I ) = 5 7 . 2 9 S 7 7 9 5 * A T A N 2 ( Z Z I . Z Z R )  
1  C O N T I N U E  
Z M A G 1 = Z M ( 1 )  
Z M A G 2 = Z M ( 2 )  
D Z = Z A ( 2 ) - Z A ( 1 )  
zang=za<l) 
R E T U R N  





Q Cl (Continued) 
c 
c  S U B R O U T I N E  C O N V O L  
C  P U R P O S E  
C  C O N V O L U T I O N  I N T E G R A L  I S  P E R F O R M E D  B E T W E E N  I N P U T  F U N C T I O N  A N D  F I L T E R  
C  C O E F F I C I E N T S  T O  O B T A I N  O U T P U T  F U N C T I O N  W H I C H  I S  T H E  C O U P L I N G  R A T I O  
C  A T  T H E  R E C E I V I N G  A N T E N N A .  
C  
C  M E T H O D  
C  T H E  A B S C I S S A  V A L U E  X  W H I C H  I S  P A S S E D  A S  L N ( B )  F R O M  T H E  S U B R O U T I N E  
C  F U N C T .  I S  C O N V O L V E D  W I T H  T H E  F I L T E R  A B S C I S S A  F A X ( I )  I N  T H E  L O G A R I T H I C  
C  T R A N S F O R M E D  D O M A I N  ( L I N E A R  R E L A T I O N  I S  V A L I D ) .  T H E  A B S C I S S A  Y = X - F A X (  I )  
C  I S  T O  B E  I N V E R S E  T R A N S F O R M E D  T O  G E T  G = E X P ( - Y )  I N  R E A L  F I E L D  D O M A I N .  
C  T H E  C O R R E S P O N D I N G  I N P U T  V A L U E ,  F U N C T I O N  O F  G .  W H I C H  I S  C A L C U L A T E D  
C  T H R O U G H  T H E  R E C U R S I V E  F O R M U L A  O F  M U L T I L A Y E R E D  E A R T H  I S  T O  B E  C O N V O L V E D  
C  W I T H  T H E  6 1  F I L T E R  C O E F F I C I E N T S  F A M ( I )  T O  G E T  T H E  C O N V O L U T I O N  S U M .  
C  
C  P A R A M E T E R S  
C  F A X  :  F I L T E R  A B S C I S S A  
C  F A M  :  F I L T E R  W E I G H T S  
C RRG : INPUT FUNCTION 
C  
S U B R O U T I N E  C O N V O L ( X , S U M )  
COMMON /BCD/D.C,M 
C 0 M P L E X * 8  U M t U J y U U J , E J , Q M f R R G t  S U M t C G v A  
R E A L * *  0 ( 3 ) t C ( 3 )  
R E A L * 4  F A X ( 6 1 } /  
• -6  . 8 3  4 8 0 4 6 E  0 0 ,  - 6 »  6 0 4 5 4 6  I E  0 0 ,  - 6  , 3 7 4 2 8 7 6 E  0 0  ,  —  6 .  1 4 4 0 2 9 1 E  0 0 *  
*-5  . 9 1 3 7 7 0 6 E  0 0 ,  - 5 .  6 8 3 5 1 2 1 E  0 0 ,  - 5  . 3 5 3 2 5 3 6 E  0 0 ,  - 5 .  2 2 2 9 9 5 1 E  0 0 ,  
*-4  . 9 9 2 7 3 6 6 E  0 0 ,  —  4  .  7 6  2 4 7 8 2 E  0 0 ,  - 4  . 5 3 2 2 1 9 6 E  0 0  ,  —  4  .  3 0 1 9 6 1  I E  0 0 ,  
*-4  . 0 7 1 7 0 2 6 E  0 0 .  - 3 .  8 4 1 4 4 4 1 E  0 0 ,  - 3  . 6 1 1 1 8 5 6 E  0 0  •  - 3 .  3 8 0 9 2 7 I E  0 0 .  
*-3  . 1 5 0 6 6 8 6 E  0 0 ,  - 2 .  9 2 0 4 1 0 1 E  0 0 ,  - 2  . 6 9 0 1 5 1 6 E  0 0 ,  - 2 .  4 5 9 3 9 8 1 E  0 0 ,  
Table Cl (Continued) 
*-2 , 2 2 9 6 3 4 6 E  0 0 ,  - 1 . 9 9 9 3 7 6 1 E  0 0  
• -1 « 3 0 8 6 0 0 6 E  0 0 ,  - 1 . 0 7 8 3 4 2 l E  0 0  
•-3 , 8 7 5 6 6 5 8 E - 0 1  ,  -  1  .  5 7 3 0 8 0 8 E -- 0 1  
* 5 . 3 3 4 6 7 4 2 E -0 1  ,  7 . 6 3 7 2 5 9 2 E  - 0 1  
* 1 , 4 5 4 5 0 1 4 E  0 0 ,  1 . 6 8 4 7 5 9 9 E  0 0  
* 2 . 3 7 5 5 3 5 4 E  0 0 ,  2 . 6 0 5 7 9 3 9 E  0 0  
* 3 . 2 9 6 5 6 9 4 E  0 0 ,  3 . 5 2 6 8 2 7 9 E  0 0  
* 4 . 2 1 7 6 0 3 4 E  0 0  ,  4 . 4 4 7 8 6 1 9 E  0 0  
* 5 . 1 3 8 6 3 7 4 E  0 0 ,  5 . 3 6 8 8 9 5 9 E  0 0  
* 6 . 0 5 9 6 7 1 4 E  0 0  ,  6 . 2 8 9 9 2 9 9 E  0 0  
* 6 . 9 8 0 7 5 0 4 E  0 0 /  
R E A L * 4  F A M ( 6 1  ) /  
* 7 . 3 2 6 0 9 3 7 E -0 4 ,  5 . 6 3 2 6 4 2 3 E - 0 4 ,  
* 3 . 5 9 1 8 3 2 6 E -0 4 ,  1 .  0 5 0 0 6 0 8 E -- 0 3  
* 1  . 2 8 4 1 6 2 7 E -0 3 ,  2 . 2 4 9 7 9 8 5 E  - 0 3  
* 3 . 6 3 2 1 6 3 5 E - 0 3 ,  5 .  2 3 7 6 0 2 8 E  - 0 3  
* 9 . 5 5 2 7 0 6 2 E -0 3 ,  1 . 2 7 0 8 6 1 5 E  - 0 2  
* 2 . 4 3 9 6 6 2 6 E - 0 2 ,  3 . 1 3 3 3 6 5 2 E  - 0 2  
* 6 . 0 3  2 4 8  0 6 E - 0 2 ,  7 .  6 3 1 4 3 4 4 E -- 0 2  
* 1 . 3 8 6 8 6 6 3 E - 0 1  ,  1 . 6 2 4 8 8 4 7 E  - 0 1  
* 1 . 5 5 5 6 7 4 1 E - 0 1  ,  6 . 8 5 9 2 4 8 1 E  - 0 2  
*- 3 . 5 5 6 5 2 6 0 E - 0 1  ,  - 5 . 6 2 8 8 6 7 7 E  - 0 2  
• - 2 . 6 1 0 2 9 8 9 E - 0 1 .  2 . 1 4 1 6 4 9 0 E  - 0 1  
• - 5 . 1 0 9 7 8 2 8 E - 0 4  ,  - 6 . 6 0 3 2 9 4 8 E  - 0 3  
* 5 . 8 0 4 4 3 7 2 E - 0 3 ,  - 4 . 9 3 S 4 8 9 4 E  - 0 3  
* 3 . 2 2 6 6 2 6 0 E - 0 3 ,  - 2 . 8 6 4 9 1 3 7 E  - 0 3  
* 2 . 1 1 1 5 1  6 7 E - 0 3 ,  - 1 . 9 3 3 4 6 6 2 E  - 0 3  
* 1  . 3 4  6 8 3 1 7 Ë -• 0 3 /  
N W = 6 1  
S U M = ( 0 . 0 , 0 . 0 )  
00 1 1=1,nw 
Y=X-FAX( I  ) 
J = M - 1  
qm=(1.0,0.0) 
G = E X P ( - Y I  
- 1 . 7 6 9 1 1 7 6 E  0 0  
- 8 . 4 8 0 8 3 5 8 E - 0 1  
7 . 2 9 5 0 4 1 6 E - 0 2  
9 . 9 3 9 8 4 2 2 E - 0 1  
1 . 9 1 5 0 1 8 4 6  0 0  
2 , 8 3 6 0 5 2 4 E  0 0  
3 . 7 5 7 0 8 6 4 E  0 0  
4 . 6 7 Û 1 2 0 4 E  0 0  
5 . 5 9 9 1 5 4 4 E  0 0  
6 . 5 2 0 1 8 8 4 E  0 0  
- l . 5 3 8 8 5 9 l E  0 0 .  
- 6 . 1 7 8 2 5 0 8 E - 0 1 ,  
3 . 0 3 2 0 8 9 2 E - 0 1 ,  
1 . 2 2 4 2 4 2 9 E  0 0 ,  
2 . 1 4 5 2 7 6 9 E  0 0 ,  
3 . 0 6 6 3 1 0 9 E  0 0 ,  
3 . 9 a 7 3 4 4 9 Ë  0 0 ,  
4 . 9 0 8 3 7 8 9 E  0 0 ,  
5 . 8 2 9 4 I 2 9 E  0 0 ,  
6 . 7 5 0 4 4 6 9 E  0 0 ,  
1 . 3 7 2 7 2 3 7 E - 0 4 ,  
7 . 1 5 3 0 9 8 2 E - 0 4 ,  
2 . 1 9 0 6 1 8 6 E - 0 3 .  
5 . 9 2 1 2 5 1 9 E - 0 3 .  
1 . 5 3 0 5 5 8 9 E - 0 2 o  
3 . 8 6 8 3 0 6 5 E - 0 2 ,  
9 . 3 9 2 8 3 4 6 E - 0 2 ,  
1 . 8 1 1 4 3 3 2 E - 0 1 ,  
- 8 . 8 3 3 9 0 2 9 E - 0 2 ,  
4 . 8 1 8 6 9 4 1 E - 0 1 •  
- - 9 . 4 4 9 0 6 8 7 E - 0 2 ,  
7 . 5 1 9 3 6 1 9 E - 0 3 .  
4 . 2 3 2 3 1 0 6 E - 0 3 .  
2 . 5 6 7 7 6 8 0 E - 0 3 ,  
1 . 7 8 0 0 2 4 8 E - 0 3 *  
7 . 5 3 3 1 2 2 2 E - 0 4 ,  
1  . 5 1 6 0 0 7 0 E - 0 3 .  
3 . 4 0 7 6 7 8 2 E - 0 3 ,  
8 . I 3 1 5 8 7 7 E - 0 3 .  
1 . 9 9 4 1 0 8 6 E - 0 2 ,  
4 . 9 1 2 7 9 9 3 E - 0 2 ,  
1 . 1 5 4 5 0 2 7 E - 0 1 ,  
1 . 8 4 2 4 4 3 3 E - 0 1 ,  
- 2 . 8 8 1 9 2 2 6 E - 0 1 ,  
- 5 . 1 5 1 6 4 S 3 E - 0 2 ,  
2 . 6 1 9 6 3 7 0 E - 0 2 ,  
- 6 . 7 8 5 4 3 4 4 E - 0 3 ,  
- 3 . 6 7 3 3 6 4 8 E - 0 3 .  
- 2 . 3 2 0 2 6 5 5 E - 0 3 ,  
— l . 6 4 6 5 4 3 6 E — 0 3 ,  
m 
00 




C RECURSIVE RELATION OF MULT U.AYERED EARTH 
C 




C TO AVOID UNDERFLOW 
C 
IF CREAL(A) ,LT. -60.0 .OR. AIMAG(A) «LT. -60.0 ) GO TO 3 
EJ=CEXP(A) 
GO TO 4 
3 EJ=CO.OTO.O) 
4 QM=(L.O -UUJ*EJ)/(1.0 +UUJ*EJ) 
IF (J.EQ. 1) GO TO 20 
UM=UJ 
J=J-1 




C CONVOLUTION SUM 
C 
SUM=SUM+FAM(I)*RRG 
1 CONTINUE 
RETURN 
END 
